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ABSTRACT 
The study used the Sustainable Livelihood Approach (SLA) for Thabazimbi Local Municipality to 
encourage the town to become ecosystem service based. The SLA approach works as an integrated 
procedure for poverty alleviation by understanding different magnitudes of people’s livelihoods. The 
approach also offers strategies that limit constraints and maximizes available opportunities. The study’s 
three objectives are: 1) To assess the availability and usage of ecosystem services at Thabazimbi; 2) To 
evaluate the challenges faced by residents in achieving sustainable livelihoods in Thabazimbi’s, and; 3) To 
identify the impact of mining on the environment. Data was collected using questionnaires and Remote 
Sensing. The study used SPSS and GIS for analysing data. Before data was analyzed, it was subjected to a 
normality test and reliability test as a form of cleaning it. This was also a way of testing the reliability of 
variables to determine if they would produce accurate results through a 5 point Likert Scale. The variables 
were normal, indicating that they were excellently reliable and would show accurate results. Results showed 
the availability of Ecosystem Services.  Using a compared means analysis based on the average amounts of 
ESS available per town within Thabazimbi Municipal jurisdiction it became clear that these services can 
grow the town’s economy. However, results showed that there is a huge gap between the policies that 
govern the municipality and the residents of Thabazimbi Local municipality. This is evidence of lack of 
integration with other divisions within the same municipality departments. Although residents are to create 
small businesses the processes they need to follow are too complex, lengthy and expensive for 
disadvantaged people. Multiple regression analysis showed how livelihoods assets (capitals) link to each 
other indicating how capital would enhance or improve challenges identified from the vulnerability context 
analysis. The NDVI results showed a significant loss of vegetation within a 10-year interval. However, 
vegetation is being lost at a high rate and this may soon result in complete bare land. The results also show 
that there is adequate water in the area although it has been drastically reducing since 1984. As a result this 
became an incentive to continue   finding new ways for economic growth to prevent the town from being 
overly-dependent on mining activities. Residents are constrained by their lack of knowledge on how to 
utilize ecosystem services. Residents also have limited or no access to such services due to complex 
municipal policies that make it difficult for disadvantaged people to access and make profit through 
services.  
Key Words: Sustainable Livelihood Approach, Sustainable Livelihood Framework, Ecosystem 
Services, Resilience, Self-Sustain 
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1. CHAPTER 1. INTRODUCTION 
Wu et al. (2018) argues that there is a need to find ecological balance and human needs by boosting 
economic activities through urbanization, forestry, and agriculture. Hu et al. (2018) points out that 
people should guard against the depletion of resources. King et al., (2015) also observes that a 
good ecosystem maintenance function is required and needs an in-depth knowledge on how a 
particular ecosystem responds to land cover or environmental change by industries like mining 
operations. Moreover, King et al., (2015) calls for an understanding of the impact that land cover 
change brings to a community and how to adjust to such shocks.  
The fundamental guarded threats that creeps into the mining sector are caused by the realities of 
how difficult it is to keep the mining town sustained after the closure of the mines. According to 
Marais and Atkinson (2006), “post a mining operations closure, the community literally closes 
down. Espin (2019) points out that after mines close, there is direct loss of employment, the 
economy shrinks, people move on, houses are abandoned, and mining towns become ghost towns 
overnight with no other economic activity in the area to bring revenue into the community to 
support infrastructure, a cycle of poverty begins. According to Mahlakoana (2016), one such town 
is Thabazimbi in Limpopo, home to the more than 80-year-old Kumba Iron Ore Mine which shut 
down at the end of 2015. The closure of Kumba Iron Ore and Union Mines in Thabazimbi has led 
to economic activity slowing down and residents fleeing amid mass job losses Mahlakoana (2016). 
Therefore, strategies that would help towns or villages to be more resilient are needed.  
In southern Africa where rural and urban livelihoods rely on natural capital, rapid social and 
environmental change can fracture central socio-ecological links creating vulnerabilities among 
local communities (Ryan et al., 2016). Therefore, although the mining sector plays an important 
economic role, it is not a sustainable livelihood due to the damage it brings to the environment. 
For instance, Thabazimbi is currently facing a water problem, water that runs from taps is not 
drinkable, and so people buy water. Thus, this study sought to develop long-term environmental, 
social and economic sustainability plus ecosystem resilience and according to Cowling et al., 
(2008), this increasingly requires grassroots community engagement.” The study aimed at coming 
up with an inclusive approach utilizing a Sustainable Livelihood Framework in order to achieve 
ecosystem services-based community as means for Thabazimbi Local Municipality to be more 
resilient and self-sustained.  
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The DFID (2000) states: “Livelihoods comprise the capabilities, assets and activities required for 
a means of living and for it to be sustainable it has to cope with and recover from stresses and 
shocks, maintain or enhance its capabilities/assets currently and not undermining the natural 
resource base”. Morse & McNamara (2013) indicate that the Sustainable Livelihood Approach 
(SLA) is an analysis of peoples’ current livelihood and what is needed for an ‘enhancement’, and 
that is useful in avoiding the inappropriate interventions. According to Orlando et al (2017), one 
of the approaches that can lead to a sustainable economic upliftment is the use of the natural capital. 
This study proposes for Thabazimbi to be an ecosystem service-based town rather than focusing 
on the mining industry. According to Johnston et al (2017), the natural ecosystem contains rich 
services that act as a fundamental base for human civilization. Jordan et al (2010) argue that with 
caution, the economy as well as life itself can depend on goods and services from the natural 
ecosystems. Jordan et al (2010) point out that this can happen provided there is good maintenance 
of the natural capital and the promotion of economic growth. 
Summers et al (2014) indicates that good maintenance of ecosystem goods and services provides 
balance relating to the sustainable contribution to social, economic, and environmental well-being. 
According to Harwell et al (2017), in relation to basic needs and people’s well-being, a good 
ecological balance on how humans use the ecosystem can be partially monetized whilst 
considering mutual benefit to the environment and society for better value. Ramyar (2017) says 
that there is recognition that the positive outcomes of creating and supporting the environment as 
the built and natural promotes and sustains the community’s well-being. Thus, this study used the 
Sustainable Livelihood Framework to find ways of improving people’s livelihoods and preserve 
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1.2. Statement of Problem  
The Sustainable Livelihood Approach provide techniques that guide the development in the 
municipality recovering from the economic, social, and physical distress. This is in-line with the 
principle of Resilience in the Spatial Planning and Land Use Management Act of 2013. The 
intention is to help the municipality achieve its vision “to be the leading municipality offering 
quality services in the most economic, affordable, equitable and sustainable manner”. This will 
also allow the town to achieve its Mission which is “to promote co-ordinate, implement and ensure 
the financial and environmentally sustainable growth and development of Thabazimbi with a 
diversified and viable economy that provides an environment and services that benefit all” as stated 
within the (Thabazimbi Spatial Development Framework 2014, p. 11). 
Thabazimbi has various activities with the potential of strengthening the town if it develops sound 
strategies and policies that will aid in it to be a self-sustaining town. However, currently in 
Thabazimbi shops are closing, there are no good educational facilities, there is lack of 
infrastructure maintenance, there is high unemployment and lack of land. But what residents dread 
the most is the loss of the town’s mainstay: iron mining which earned it the name “Mountain of 
Steel” (or Thabazimbi in Setswana). The reality is that the challenge for communities is much 
bigger and with the Kumba mine closed, which was the main source of the town’s revenue, a more 
strategic approach by the local municipality and by community and business leaders is needed. 
This would empower the community to plan for and take control of their own futures (Espin, 
2019). For the municipality to cope with and recover from stresses and shocks, maintain or enhance 
its capabilities/assets and not undermining the natural resource base a sustainable approach to the 
use of resources must be developed. The study intends to utilize the Sustainable Livelihood 
Approach Framework as means of helping Thabazimbi Local Municipality to maximise the 
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1.3. Aim 
To utilize the Sustainable Livelihood Framework as a strategical tool to achieve an Ecosystem 
Services-Based town for Thabazimbi Local Municipality to be more resilient/self-sustained. 
1.4. Objectives 
• To assess the availability and usage of ecosystem services at Thabazimbi 
• To evaluate challenges faced by Thabazimbi’s residents in their past and present 
livelihoods  
• To identify the impact of mining on ecosystem services.  
1.5. Scope & general character of the research or project 
The study was undertaken at Thabazimbi Local Municipality. The study outlined all the challenges 
that the town is facing after the closing of Kumba Iron ore. The intention was to come up with 
strategies to help Thabazimbi to be a self-sustaining town. The expected results were guided by 
the strength that Thabazimbi holds, structured in a form of the 5 capitals of Sustainable Livelihood 
Framework. This study analyzed the configuration of the Sustainable Livelihoods Framework 
elements in Thabazimbi local municipality. It also evaluated and identified practical ways in which 
residents can sustain themselves to the mutual benefit of all residents. 
1.6. Study Area 
Thabazimbi Local Municipality which is amongst the six municipalities within the Waterberg 
District in Limpopo Province. The Municipality has an extent of 986 264.85 ha in extent that is 
22% portion of the District. Thabazimbi has relatively small population of 28 847 last recorded by 
census in 2011 and has few settlement and towns spread in the municipal area with their bulk 
services dependent on commercial and game farms. The municipality being a mountainous area it 
has various mountain ranges include the Rooiberg Mountains, Boshoffs Mountain, Sandriviers 
Mountain, Kransberg Mountain, Witfonteinrant, Berg van Winde, Elandsberge, etc. Moreover, 
there are protected nature reserves with the boundries of the municipality, they include Marakele 
National Park (MNP), Ben Alberts Nature Reserve, Atherstone Nature Reserve, Madeleine 
Robinson Nature Reserve, and Madikwe Nature Reserve.  
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Two eco parks found in the TLM are namely Thaba Tholo and Rhino Eco Park. Ecosystem is 
currently fragmented by public roads and different land holdings and mining operations. However, 
Thabazimbi Municipality has some of the richest mineral deposits in the world. It yields a wide 
range of mineral commodities with platinum group metals (PGMs) concentrated in its Merensky 
and UG2 reefs and a tremendous amount of iron formation rock. Several mines have been 
developed in the area as a result. PGMs include platinum, chrome, vanadium and granite especially 
Andalusite fields. 
 
Figure 1: Thabazimbi Local Municipality map 
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2. CHAPTER 2: LITERATURE REVIEW 
The literature review was conducted to establish a conceptual or a theoretical framework guided 
by the research objectives. The objective is to achieve a better understanding of Thabazimbi’s 
residents’ Sustainable Livelihoods by looking at what other scholars written in relation to the 
research topic. Thabazimbi’s Local Municipality Spatial Development Framework (SDF) notes 
that the municipality focuses on both tourism and agriculture to boost the area’s economy. This 
links to Sustainable Livelihoods with ecosystem services and the benefits it provides to the 
municipality through pattern matching. The two concepts of sustainable livelihoods and ecosystem 
services guided the study’s literature review process. 
2.1. BACKGROUND TO THE CONCEPTS 
This section discusses background to the concepts related to sustainable livelihoods and ecosystem 
services. The section also explains how the concepts are used in this study.  
2.1.1. Intergenerational equity and intra-generational equity 
The dynamics of sustainable livelihoods and ecosystem system services have a background that 
shows their emergence and context. This includes theinter and intra generational justice since 
Ekins (1993) states that intergenerational and intra-generational equity are the core pillars of 
sustainable development. Intragenerational justice refers to the global justice of different people 
living in the current generation and intergenerational justice involves the global justice of various 
generations Glotzbach and Baumgärtner (2009). These political underlying guiding ideas control 
the use and preservation of services nature provides. Tremmel (2008) observes that future and the 
current generation have equal rights to use ecosystems and its services. 
2.1.1.1. Intragenerational equity 
Dasgupta & Mitra, (1983) argue that intragenerational equity promotes fairness among people and 
its goal is to provide justice to all humans. This equity is based on one of the principles of the Rio 
principles drafted in a conference held in Brazil in 1992 from 3 to 14 June. Principle 6 pays special 
attention to the needs of developing countries (Oxford Handbook of International Environmental 
Law, chapter 1 Equity, D. Shelton, 2008). As quoted below, Principle 6 states: 
“The special situation and needs of developing countries, particularly the least developed and those 
most environmentally vulnerable, shall be given special priority. International actions in the field of 
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environment and development should also address the interests and needs of all countries”. (The Rio 
Declaration on Environment and Development, 1992) 
Vojnovic (1995) state that the concept of intra-generational equity provides rights and duties to 
every person of a single generation to use and take care of the renewable and non-renewable 
resources moderately among the members of the generation. This is because developing countries 
require these resources for better development and achieving economic stability. Industrialization 
is the key or main contributor to economic development, and it requires the wise utilization of 
renewable and non-renewable resources. This means that the government should have strict 
environmental laws. Each country should regulate the outflows of natural resources to avoid many 
of the environmental problems that can result from the unregulated use of resources.  
2.1.1.2. Intergenerational Equity 
Dasgupta & Mitra (1983) points out that intergenerational equity considers both the needs of the 
present and the future generation. According to Weiss (1990), many contemporary international 
instruments deal with the use of available resources and making sure that resources are available 
for future generations. Vojnovic (1995) says that this concept acknowledges the importance of the 
availability of resources and wants to ensure that they are not depleted for future generations. 
Intergenerational equity then inspired the birth of the concept of sustainable development that 
allows the use of natural resources but with a condition that the utilization of such resources should 
be in a way that also caters for future generations. The United Nation General Assembly defines 
sustainable development is related to the idea of progress. 
The 3rd principal of Rio declaration mentions the concept of intergenerational equity. It states that 
development must be done in manner equally meets the environmental and developmental needs 
of the present as well as the future generation. The main objective of this principle is to make sure 
the rights of future generations on non-renewable resources which might be abused by the present 
generation (The Rio Declaration on Environment and Development, 1992). The 15th Principle of 
the Rio declaration is the most significant part when it comes to sustainable development. It states 
that as per the capabilities of the states, precautionary steps should be taken to ensure the protection 
of the environment. Any action which may cause environmental degradation should not be taken 
(The Rio Declaration on Environment and Development, 1992).  
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2.1.2. Sustainable Development 
The birth of sustainable development became the initiative that gave drive for the development of 
other concepts, indicators, and targets to be achieved in support of sustainable development 
initiated from the Brundtland Report in 1987. These concepts include resilience in which 
sustainable livelihood acts as a tool or framework to achieve resilience and ecosystem services 
which protect the environment and what it offers. The Brundtland report placed the notion of 
sustainable development resolutely on the global political agenda, defining the concept as: 
“Development that meets the needs of the present without compromising the ability of future 
generations to meet their own needs. It contains within it two key concepts: the concept of ‘needs’, 
in particular the essential needs of the world’s poor, to which overriding priority should be given; 
and the idea of limitations imposed by the state of technology and social organisation on the 
environment’s ability to meet present and future needs” (World Commission on Environment 
and Development 1987a: 43). 
Utilizing sustainable development has commonly become a norm in the daily lives of institutions, 
government, companies, policy makers etc Blanchard, O. and Buchs, A. (2015). On one hand, 
UNESCO (2009) states that education for sustainable development emphasises creative and 
critical approaches, long-term thinking, innovation, and empowerment for dealing with 
uncertainty, and for solving complex problems. It is also important to compile conditions or guides 
for the society to educate themselves via practice how to develop good ways to use resources of 
the ecosystem in which they reside and to innovatively design appropriate technologies that looks 
after their livelihoods (UNEP-UNCTAD, 1974, p. 11). Pillars of sustainable development include 
the economy, social and environmental aspects in which they co-exist, see Figure2.1 below. 
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Figure 2: Pillars of Sustainable Development  
Source: Blanchard, O. and Buchs, A. (2015)  
 
The idea of sustainable development lead to more UN world conferences/ summits with the 
ultimate purpose of achieving sustainability. These conferences include: Earth Summit. UN 
Conference on Environment and Development (UNCED) held in Rio de Janeiro in2000, UN 
Millennium Development Goals, 2002 World Summit on Sustainable Development held in 
Johannesburg, 2012 Rio +20: 40 years after Stockholm and 20 years after the Earth Summit. In 
2016 the New Urban Agenda was adopted and the Sustainable Development Goals were developed 
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which are now the basis of almost all policies world-wide. In addition, Sustainable Development 
Goals were created in light of the 5 pillars of Agenda 2030 because they are of crucial importance 
in ensuring that the purpose of the new Agenda is realized. This shows that these concepts are the 
same and a product of advancement and change of names according to different fields. These 
pillars include people, prosperity, 
planet, peace, and partnership. The 
2030 Agenda and its Sustainable 
Development Goals (SDGs) outline a 
paradigm shift in policymaking, 
prioritizing actions that target the 
complex and intersecting structural 
determinants of social and economic 
development. The picture below 
explains each “P” in detail. 
Figure 3:5 Ps that form a base of 
SDGs. 
 Source: UN 
 
 
In light of the aforementioned, this research shall dwell on 3 Sustainable Development Goals, 
namely: SDG 1, SDG 2 and SDG 15. 
SDG 1: NO POVERTY 
The united nations states that poverty has many dimensions. Its causes include unemployment, 
social exclusion, and high vulnerability of certain populations to disasters, diseases and other 
phenomena which prevent them from being productive Neshovski, R., (2019). Governments 
worldwide prioritise SDG 1 so that it can be met in principle within the national scale since it deals 
with human wellbeing Waage et al. (2015). It was then highlighted that social, economic and 
environmental dimensions should be integrated in the goals Griggs et al. (2014). Thus, it was 
further observed that the growing inequality is detrimental to economic growth and undermines 
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social cohesion, increasing political and social tensions and, in some circumstances, driving 
instability and conflicts Neshovski, R., (2019). Thus, this research aims to examine the town’s 
resources and revealing underlying features of the ecosystem services to the public.  
SDG 2: ZERO HUNGER 
Fu et al. (2019) interactions amongst SDG Goals was conceptualized encompassing rules in equity, 
regulations and aspired objectives because that guarantees meeting needs for human survival. 
Thus, Neshovski, R. (2019) stated that the United Nations must rethink how people grow, share 
and consume their food. If done right, agriculture, forestry and fisheries can provide nutritious 
food for all and generate decent incomes, while supporting people-centered rural development and 
protecting the environment (Neshovski, R., 2019). Investments in agriculture are crucial to 
increasing the capacity for agricultural productivity and sustainable food production systems 
which are necessary to help alleviate the perils of hunger Liu et al. (2018). This is what this 
research hopes to achieve by supporting tourism and agriculture which are the SDF of Thabazimbi 
Local Municipality. 
SDG 15: LIFE ON LAND 
The United Nations states that even though up to 15% of land is currently under protection, 
biodiversity is still at risk (Neshovski, R., 2019). An argument posed by Díaz et al. (2018) stating 
that there should be environment-humans linkages within the natures capabilities in its 
contribution and services such as provisioning of oil, regulating of climate Díaz et al. (2018). 
Addressing environment-human linkages is known to be part of the action required in making 
progress within the environment Scharlemann (2020). This was stated because already  
Deforestation and desertification caused by human activities and climate change pose major 
challenges to sustainable development and have affected the lives and livelihoods of millions of 
people in the fight against poverty (Neshovski, R., 2019). This research shall analyze the landscape 
change caused by rigorous mining activities that are taking place within Thabazimbi. Remote 
sensing will be used to detect changes have been caused by mines.  
The study also takes into cognisance two types of sustainability, namely Weak Sustainability and 
Strong Sustainability.  
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2.1.3. Weak and strong sustainability 
It has been stated that Weak Sustainability involves both the natural and manufactured capital 
being fundamentally substitutable. Writers stress that there is no major difference within the 
services provided by the natural and manufactured capital for a good well being (Ekins et al, 2003; 
Neumayer, 2003; Neumayer, 2012). Solow (1993) states that weak sustainability is much more 
considerate of the amount of value that the use of the natural resources can provide not being 
mindful of the consequences thereafter (the aggregate stock of capital) and this should be 
efficiently used for future generations.  
Such acts or standards automatically result in maximizing fiscal returns for environment 
degradations. This is intolerable because it solves a problem of getting more money by creating 
another problem of resources wastage. This new problem would require more means to solve it. 
For instance, Ekins et al, (2003) states that technological advancement is suggested to continuously 
develop solutions to environmental problems caused by dual increase in the production of goods 
and services. 
In another scenario, authors that promote Strong Sustainability illustrate that natural capital must 
not be taken for granted as mere stock of resources. Rather, natural capital is a function of dynamic 
systems that comprises biotic and abiotic elements that keep on evolving and are complex. They 
evolve in a way that the capacity of the ecosystem can be determined to bring provision to the 
well-being of the society both directly and indirectly with a broad range of functions and services 
(Noël and O’Connor, 1998; Ekins et al., 2003; De Groot et al., 2003; Brand, 2009).  
However, due to the vast limitations to the knowledge on how the natural systems work, the ability 
to detect the danger that is caused to the humans’ well-being due to the destruction of human 
capital is constrained (Dietz and Neumayer, 2017). Thus, accepting uncertainties of projects, and 
irreversibility of other resources (i.e. extinction) should influence policy makers to be cautious and 
take precautionary measures or principles regarding the use of resources GSDR (2015). It is also 
important to note the multi-dimensional essence of the contribution that the natural capital has on 
delivering services to the well-being of the human species. Four types of the contributions made 
by ecosystem services to sustain the human life were identified by The Millennium Ecosystem 
Assessment (2005). This was because the natural capital was depicted as complementary to 
manufactured or other forms of capitals since the production of manufacturing industries depend 
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on raw materials from nature.  Ekins et al., (2003) and Dedeurwaerdere, (2013) state that strong 
sustainability contains elements that are are critical because of the unique characters they hold and 
their input to the well-being of people. Brand (2009) writes: “These potentially critical elements 
for human existence and well-being can be conceptualized as ecosystem services provided by 
natural capital”. The critical elements need to be sustained in a way that the ecological system 
should be able to stand against stresses and shocks that might threaten the system by being more 
resilient. 
2.1.4. Ecosystem Service Based Approach 
Reid et al (2018) state that according to the United Nations Convention on Biological Diversity 
(CBD), EbA is the “use of biodiversity and ecosystem services to help people adapt to the adverse 
effects of climate change as part of an overall adaptation strategy” (CBD 2009). The CBD (2010) 
further highlights the importance of the inclusion of sustainable management, conservation, and 
restoration of ecosystems as aspects of a general complete part of the adaptation strategy that 
considers various social, economic, and cultural co-benefits for the public. EbA enhances 
sustainability on a wide range of divisions such as water, agriculture, and tourism, and as such, it 
can assist nations to achieve their Sustainable Development Goals as stated by Seddon et al. 
(2016b). In addition, Reid et al. (2018) argue that this improves the extent of resilience of venerable 
societies from extreme shocks or stresses that may arise in an area. Renaud et al. (2013) observe 
that EbA assists countries so that they can achieve their goals. 
Vignola et al. (2009) argues that the extent to which the ecosystem provides services to various 
sectors is pressurized by the amount of land use change within the environment. Therefore, it is 
essential to take into consideration the role and vulnerability of ecosystems. Vignola et al. (2009) 
point out: “EbA is also known as the adaptation policies and measures that take into account the 
role of ecosystem services in reducing the vulnerability of society”. This means that the approach 
can be successfully implemented through an involvement of all the spheres and sectors involved 
in the building of the community, be it in governance through the national, provincial, and local 
government, NGOs and private companies. Reid et al (2018) states that decision making is 
centered and confined around sectors and administrative jurisdictions. Thus, EbA compels the 
cooperation and communication within various administrative or geographical scales. 
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2.1.5. Resilience 
In recent years, the idea of flexibility has picked up unmistakable quality with international 
development and humanitarian organizations (Jones and Tanner, 2015; Walsch-Dilley et al., 
2016). The notion of resilience is being utilized with the intent to reasonably oversee assets for 
both ecosystem/ biological system work and human advancement and prosperity (Berkes et al., 
2003). Be that as it may, Tanner et al. (2015) suggest that the focal point of resilience requires 
more prominent regard for human livelihoods if it is to address the breaking points of adjustment 
procedures and the improvement needs of the planet's least fortunate and most powerless 
individuals. Thus, the idea of livelihood resilience has been developing as livelihoods are 
progressively involoved in major worldwide advances in climatic, monetary, and social 
frameworks. For instance, livelihood resilience is recognized both clearly and verifiably in a scope 
of the United Nations’ Sustainable Development Goals for 2030 (Bahadur et al., 2015). 
Walker and Salt (2006) defines resilience as the ‘‘capacity of a system to absorb disturbance and 
still retain its basic function and structure”. (Walker et al., 2002,p. 92)added that: “Resilience is 
built for these two purposes: to prevent the system from moving to an undesired alternative regime 
in the face of change, and to nurture and preserve the components of the system that build resilience 
and allow the system to renew and reorganize after a disturbance” (. Broadly, the term resilience 
is a tool with a good intent for discovering adaptive changes in the direction of sustainability since 
it provides a platform for assessing means to maintain stability in the course of change (Berkes et 
al., 2003).  
In order to effectively build resilience, it is important to ask the questions; ‘resilience of what’, 
‘resilience to what’, and ‘resilience for whom’ (Lebel et al., 2006; Walker and Salt, 2006; Nelson 
and Stathers, 2009). This research seeks to answer these questions by determining the resilience 
of Thabazimbi Local Municipality, in becoming a self-sustaining town through the utilisation of 
ecosystem services. This resilience is for the town’s economic development for the purpose of 
alleviating poverty. A livelihood approach also strengthens resilience theory by acknowledging 
that people’s circumstances, cultures, values, and perceptions impact their ability to adapt (Enns 
and Bersaglio, 2015). Building livelihood resilience means that a given household’s livelihood 
strategies and activities are better prepared to cope and manage the impacts of shocks, navigate 
uncertainty, and adapt to changing conditions (Marschke and Berkes, 2006). Shocks to livelihoods 
can come from the environmental realm, such as climate change, or from the political-economic 
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system, including crop price fluctuations or political instability Quandt (2018). Such shocks or 
stresses to the environment can be measured by the sustainable livelihood framework which aims 
to analyse and eradicate poverty (Quandt, 2018). The sustainable livelihoods approach is 
procedurally based in participatory research, applied anthropology, and rapid rural appraisal 
(Chambers, 1994; Krantz, 2001; Thulstrup, 2015). 
2.2. SUSTAINABLE LIVELIHOODS APPROACH 
Solesbury (2003) highlights that within various aspects, the sustainable Livelihood Approach was 
associated well in context with politics and institutional background. The SLA at first was in line 
with broader changes in the way to approach developments through the 1980s and 1990s. Its focus 
was on human welfare most especially the food 2000 Report wherein authors such as M.S 
Swaminathan, Robert Chambers took part in Scoones (2009). Furthermore, Solesbury (2013) 
noted that as rooted from the Brundtland Commission Report in 1987 together with the initial 
UNDP Human Development Report in 1990 and Non-Governmental Organisations have had 
several summits with regards to this shift from the focus on humans and the environment to 
including the economic aspect. Example of the summits held include the conference organised by 
the International Institute for Environment 
and Development in 1987. The conference 
enabled Chambers and Conway to produce a 
paper for the International Institute for 
Environment and Development which then 
became the emergence of a definition of 
Sustainable Livelihood (Scoones, 2009). 
However, as outlined, the Brundtland 
Commission Report took the first platform in 
the debate of policy that was conceptualised 
later as Sustainable Livelihoods Approach 
(SLA). The policy enabled the popularisation of Sustainable Development with the inclusion of 
other factors: 1) “the field of ecological economics which has spearheaded a general critique of 
some of the main precepts of conventional economic theory; 2) an emerging debate within the 
natural sciences over the applicability of ecological research and ecological theory to societal 
questions concerning sustainability; and 3) the concept of sustainable livelihoods” (Sneddon, 
“A LIVELIHOOD COMPRISES THE 
CAPABILITIES, ASSETS (INCLUDING 
BOTH MATERIAL AND SOCIAL 
RESOURCES) AND ACTIVITIES FOR A 
MEANS OF LIVING. A LIVELIHOOD IS 
SUSTAINABLE WHEN IT CAN COPE 
WITH AND RECOVER FROM STRESSES 
AND SHOCKS, MAINTAIN OR 
ENHANCE ITS CAPABILITIES AND 
ASSETS, WHILE NOT UNDERMINING 
THE NATURAL RESOURCE BASE” 
CHAMBERS AND CONWAY (1992) 
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2000). Another report that shared the same sentiments from the above-mentioned analysis is the 
first Human Development Report from the United Nations Development Programme (UNDP, 
1990). These reports, including many others, dealt or addressed development looking at poor 
people, self-reliance, citizen participation, and sustainability, hence moving the focus away from 
an economic bias from the earlier stages. Solesbury (2003) states that these terms gradually became 
a basis in the reference book of international development policy and politics. These include the 
work of UN’s 1992 Environment Conference in Rio, the 1995 World Summit for Social 
Development and the 1996 World Food Summit. The diagram below summarizes the evolution of 
SLA conferences up until it was approved: 
 
Figure 4: Evolution of SLA.  
Source: Forum of operationalising sustainable livelihood approaches 
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There have been numerous narratives with regards to the concept and the implementation 
strategies, several conferences and summits continued to debate about it until the arrival of a new 
Labour Government in 1997 in Britain. (The Department for International Development (DFID). 
Scoones (2009) states that the department had a minister who was vocal and committed, Clare 
Short, and the department produced a white paper that was strictly committed to poverty and 
livelihoods. In fact, the opening statement of the White Paper indicated the major development 
priority as Sustainable Rural Livelihoods (Solesbury, 2003A research team was set up to analyse 
the change in livelihoods and comparing their result by formulating a checklist linking elements 
of the field of enquiry (Scoones, 1998).  
The DFID was determined to make the Sustainable Rural Livelihood a success. Even though the 
department already had multi-disciplinary researchers who worked on the Framework checklist, it 
kept on refining the approach and even created a Sustainable Livelihood Support Office wherein 
the advisory committee was established. According to Scoones (2009), the committee discussed 
ways in which the SLA could be achieved or start to be operational, how funds could be channelled 
to livelihood focussed poverty reduction. Because the framework checklist was already formulated 
by the previous researchers (see Figure 3 below), (Scoones, 2009), the diagram was scrutinized 
and then it was upgraded with more skills and the new DFID framework was established. It is the 
same diagram as the first checklist but with a different nomenclature and the asset pentagon with 
the description of five capital assets (see Figure 5, newly developed framework by the DFID).  
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Figure 5: Sustainable livelihoods framework: a checklist (Scoones 1998). A core feature of the DFID version of the framework (see 
Carney et al. 1999).  
Source:  Scoones (2009) 
 
According to Parkinson and Ramirez (2006), Sustainable Livelihood Approach is a tool often used 
by development agencies for planning and assessing development interventions. It focuses on how 
people strategically use the resources available to them to forge livelihoods, and how development 
interventions affect the available resources and the way people interact with them (Parkinson and 
Ramirez (2006). DFID stresses that there are many ways of applying livelihoods approaches (there 
is not one single approach) but that there are six underlying principles to all these approaches DFID 
(2000): Poverty-focused development activity should be: 
People-centred: sustainable poverty elimination will be achieved only if external support focuses 
on what matters to people, understands the differences between groups of people and works with 
them in a way that is congruent with their current livelihood strategies, social environment and 
ability to adapt.  
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Responsive and participatory: poor people themselves must be key actors in identifying and 
addressing livelihood priorities. Outsiders need processes that enable them to listen and respond to 
the poor. 
 Multi-level: poverty elimination is an enormous challenge that will only be overcome by working 
at multiple levels, ensuring that micro level activity informs the development of policy and an 
effective enabling environment, and that macro level structures and processes support people to 
build upon their own strengths. 
Conducted in partnership: with both the public and the private sector.  
Sustainable: there are four key dimensions to sustainability economic, institutional, social and 
environmental sustainability. All are important and a balance must be found between them.  
Dynamic: external support must recognise the dynamic nature of livelihood strategies, respond 
flexibly to changes in people’s situation, and develop longer-term commitments. 
SLA is an example of the ‘multiple capital’ approach where sustainability is considered in terms 
of available capital (natural, human, social, physical and financial) and an examination of the 
vulnerability context (trends, shocks and stresses) in which these capitals (or assets) exist 
(Thulstrup, 2015). The five principal capitals often suggested as important to livelihood are 
presented as a pentagon (Krantz, 2001) These capitals will be used as the study constructs the 
literature review. 
20 | P a g e  
 
Figure 6:  Different types of SLA capitals. 
Source: DFID (2000) 
The diagram illustrates the different types of capitals as defined in literature. Such assets can also 
be described as the resource base that sustainable livelihoods should form a foundation on. 
Explanations below were adopted from DFID (2000) paper. Such assets include the Human 
Capital which involves the skills or the value that humans can contribute, be it their ability to 
work, knowledge or good health. Finance Capital shows the total influx flow of monetary 
resource specifically the inflows of money in whichever form with good access to financial 
services.  
Social Capital are the resources that people rely on to make a living in the form of a good working 
relationship with someone in power known as vertical connections, or relationships with people in 
the same level, known as horizontal connections, organisations and groups. Generally, this is a 
symbol of working productively together having trust in the exchange poor people draw when in 
need, they tend to work hard and does not cost as much as working alone. 
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 Physical Capital this type of capital involves the infrastructure, including the tools and equipment 
to get a job done. This includes infrastructure  required to make a living, for example, 
telecommunication lines, transportation networks, water and sanitation systems. Natural Capital 
are resources that can be accumulated directly from nature be it water, land, forests, air and 
marshes known as natural resource stock and environmental services that resources flow within 
the area.  
In essence, Sustainable Livelihood is not a perfect approach. It has its own short comings like any 
other concept. Between natural and financial capital, there are overlaps because natural capital can 
produce financial capital and vice versa. Thus, it is a requirement of a household to have a balance 
of the five capitals so that the household can maintain the capacity of adapting and well-being 
(Jacobs et al., 2015). That is why a minimum level of human and social capital are of significance 
to successfully make use of natural, physical, and financial capital (Jacobs et al., 2015).  
However, acquisition of assets does not automatically shield households from shocks, and research 
on smallholders in Kenya found that they easily slipped back into poverty, particularly in areas 
with high physical insecurity (Ulrich et al., 2012). Additionally, there are also trade-offs between 
the five livelihood capitals. For example, financial capital may be reduced so that the human capital 
is built up by paying school expenses. Balancing the trade-off between the mentioned types of 
livelihood is a process that keeps continuing for people. Moreover, the capital assets can be 
pressurized by the change of structure and processes within the global society (Obrist et al., 2010).  
Finally, according to (Bebbington 1999, p. 54), “people’s assets are not merely a means for which 
they make a living, but they also give meaning to the person’s world, they give people the 
capability to be and act”. The five capital assets are not only inputs into the livelihood system, but 
are also outputs (Bebbington, 1999). Some of the strengths of the Sustainable Livelihoods 
approach is that it draws attention to the multiplicity of assets that people make use of when 
constructing their livelihoods (Krantz, 2001). 
22 | P a g e  
 
2.2.1. Sustainable Livelihood Framework 
From the forum of operationalising sustainable livelihood approaches it was outlined that there 
should be a framework that will guide the entire approach. The Sustainable Livelihood Framework 
is a tool for analysing and understanding different livelihoods systems and strategies providing an 
outlook on their interaction with policies and institutions.  Therefore, the framework has to be 
made context specific. This means that elements can be changed or added so that they can reflect 
cultural, economic, and social local realities. 
Figure 7: Upgraded Sustainable Livelihood Framework by the DFID.  
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2.2.2. Linking livelihoods, natural resources and policy 
Since the research is focusing on uplifting tourism and agriculture, it is important to link 
livelihoods with natural resources. However, Chasca Twyman and Rachel Slater, (2005) state that 
breaking down this conceptual division in policy is a challenge because institutional frameworks 
and government structures through which policy is made and implemented are established either 
along sectoral lines (agricultural policy-makers focus on rural areas whilst industrial development 
experts are preoccupied with urban areas) or along spatial lines (municipalities are responsible for 
everything in urban areas whilst other local government bodies that report to national government 
are responsible for everywhere else).  
With such institutional arrangements, it is difficult to make policy that is appropriate for people 
who straddle the rural–urban divide (e.g., Deshingkar and Start, 2003). However, Chasca Twyman 
and Rachel Slater (2005) observe that research is emerging that seeks to challenge these normative 
approaches to urban development policy. For example, Benjamin (2004) illustrates how complex 
tenure forms and mixed land uses, conventionally viewed as unplanned, can in fact be the 
prerequisites for economic development. If livelihood dynamics of the urban poor can be better 
understood, it will provide the opportunity to identify entry points where policy intervention can 
support individual or collective initiatives, or no-go areas where the fuzziness of policy protects 
or indeed provides space for the negotiation of certain NR-based activities by some groups. 
Benjamin (2004) argues that finding the balance between these entry points and no-go areas is not 
easy and is further complicated by the complex relationship between municipalities and central 
government. In looking at NR-dependent livelihoods in an urban context, we need to understand 
what constitutes urban natural resources. Urban NRs have been largely regarded as land for 
agriculture, water for service provision (irrigation, sanitation) and, more recently, trees for amenity 
provision in parks or homesteads. 
However, does it make sense to think about certain resources in urban areas in the same way as 
we might in rural areas? Do we need to conceptualize urban NRs in a different way? We need to 
rethink both what is ‘natural’ about the resources themselves (i.e., what constitutes ‘nature’ in an 
urban context) and the way in which resources are actually used (for example, should we view 
land on which an office block is built differently to land which is used for grazing cattle?). This is 
where Ecosystem Services get involved with reference to the research topic. 
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2.3. ECOSYSYEM SERVICES (According to the Millennium Ecosystem 
Assessment)   
The initiative of the Millennium Ecosystem Assessment became functional between the year 2001 
and 2005 as a means of evaluating the impact that ecosystem change is posing to the human. It 
also launched the core scientific base required for the conservation and the sustainable use of 
ecosystem services and what they contribute to the human being. The Millennium Ecosystem 
Assessment further defined ecosystem services as (see text box below):  
This study focuses on ecosystem services 
defined by MEA. However, it is important to 
also note what other authors highlight in 
terms of ESS as these are discussed below.  
Human societies have long been aware of 
their reliance on goods and services provided 
by nature, especially food, fuel and fibre. In 
recent times, the value of less tangible 
services, such as climate control, water 
filtration, soil fertility, as well as recreational 
and cultural services has become more 
apparent (Department of the Environment, 
Water, Heritage and the Arts, 2009).  
Boyd J, Banzhaf S (2007) note that ecosystem services are sets of environmental properties derived 
from ecosystem structures and processes which are arranged from an anthropocentric point of 
view. Tinch R, Vanderwalle M, Watt A, Settele J (2010) point out that people benefit more on the 
ecosystem services; hence they can be used to represent the environmental interrelations between 
the three sectors of sustainability. Burkhard B, Müller F (2008a) state that the managing of human-
environmental systems such as a river basin which is strongly accompanied by many decisions 
about the intensity of human actions, which then potentially affect natural or nature-near ecological 
systems.  
 
“Benefits people obtain from ecosystems. 
these include provisioning services such as 
food, water, timber, and fiber; regulating 
services that affect climate, floods, disease, 
wastes, and water quality; cultural services 
that provide recreational, aesthetic, and 
spiritual benefits; and supporting services 
such as soil formation, photosynthesis, and 
nutrient cycling”. 
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Ecosystem services can be classified in many ways depending on the objectives of the observer 
but in all recent classifications, three groups of services are distinguished: regulating, provisioning 
and cultural services (Costanza R, 2008). The identification of ecosystem services can be used to 
quantify the impacts on ecological systems which contribute to the identification of gaps and 
provide policy-relevant information on a sustainable use of these services to maintain their 
capacities for future generations.  
Wallis C, Séon-Massin N, Martini F, Schouppe M (2011) observe that the ecosystem service 
concept has been developed very fast during the last years and a methodological framework has 
been created that can be applied in environmental management. Incorporating this concept into 
assessment frameworks, such as the DPSIR approach, makes it more broadly applicable. Despite 
some limitations, ecosystem services have the advantage to demonstrate the enormous human 
dependence from nature by focusing on the critical roles of ecosystem functions and structures for 
sustaining human life and well-being (Díaz S, Fargione J, Chapin FS III, Tilman D, 2006).  
According to Walker and Salt (2006), these different aspects of biodiversity maintain ecological 
and evolutionary phenomena, flows and processes across a spectrum of local and global scales. 
For example, the presence of multiple species that fulfil similar functions increases the potential 
for different responses to human landscape modification and other global changes (Fischer et al, 
2006). As a result, Costanza R (2008) classified ESS in the following three groups: regulating, 
provisioning and cultural services. The Millennium Ecosystem Assessment h also supports 
services and that is why this research will be rooted in ecosystem services articulated by the MEA. 
The MEA was conducted as a multiscale assessment with interlinked assessments undertaken at 
local, watershed, national, regional, and global scales.  
A global ecosystem assessment cannot easily meet all the needs of decision-makers at national and 
sub-national scales because the management of any ecosystem must be tailored to the particular 
characteristics of that ecosystem and to the demands placed on it. However, an assessment focused 
only on a particular ecosystem or particular nation is insufficient because some processes are 
global and local goods, services, matter and energy are often transferred across regions. 
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2.3.1. Ecosystem Services on a Global Level 
Globally, areas which are characterised by a high level of vulnerability of the ecosystem service 
supply well-being, such as Mediterranean Basin, require a lot of information on the trend in all 
aspects of ecosystem services flows. These include the impact of governance interventions and 
pressures on social-ecological systems (Schröter et al., 2005). There is also a broad consensus that 
pathways to sustainability require a secure supply of those ecosystem services that contribute to 
human well-being (Griggs et al., 2013; Wu, 2013). The ecosystem service concept is an important 
integrated framework in sustainability science (Liu et al., 2015). There is an explicit mentioning 
of regulation of natural hazards in SDG and of carbon sequestration in Aichi Target. Information 
on ecosystem service state and trends should be highly relevant towards the poor people who 
directly depend on access to ecosystem and their services (Wood and 82 DeClerck, 2015).  
2.3.2. Ecosystem Services on a Local Level 
The local level is the basic unit for ecosystem services, more especially when it comes to the 
human dimension of urban landscapes (Breuste J., Schnellinger J., Qureshi S., Faggi A, 2013). 
Hence, these services are provided by green elements (patches) or basic complex ecosystems 
(green areas) which vary from their neighbourhoods through their structures and functions. Many 
people can benefit from ecosystem services in public green spaces because of their accessibility. 
However, quantitatively, residential areas are the biggest ecosystem service provider with their 
larger green areas. Loram et al. (2007).   
As understanding deepens about human dependence on natural processes across varying temporal 
and spatial scales, it becomes a concern to see such biodiversity being destroyed by man-made 
calamities such as mines (Department of the Environment, Water, Heritage and the Arts, 2009). 
Ecosystem services are the benefits provided to humans through the transformations of resources 
(or environmental assets, including land, water, vegetation and atmosphere) into a flow of essential 
goods and services e.g. clean air, water, and food (Constanza et al. 1997). There are four categories 
under ecosystem services namely: 
• provisioning services, such as food and water  
• regulating services, such as flood and disease control  
• supporting services, such as nutrient cycling, that maintain the conditions for life on earth, 
and  
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• cultural services, such as spiritual, recreational, and cultural benefits.  
The London Department for Environment, Food and Rural Affairs (2007) states that in 2005, the 
Millennium Ecosystem Assessment identified and categorised ecosystems and their resulting 
services, identified the links between these services and human societies, and the direct and indirect 
drivers and feedback loops.  
Clearly, Ecosystem services provide outputs or outcomes that directly and indirectly affect human 
wellbeing, and these considerations can link well with an economic approach. Below is a diagram 
illustrating the different types of ecosystem services and their provision towards human wellbeing. 
 
Figure 8: Example of ecosystem services and human wellbeing:  
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i. Supporting ecosystem services  
Supporting ecosystem services tends to benefit humans indirectly but are fundamental to the other 
three categories of services that are more directly enjoyed by people. However, community 
agriculture and forestry, and mostly residential and public landscapes, depend on the maintenance 
of supporting ecosystem services, such as soil formation and nutrient cycling. Hence, habitat 
provision, water cycling, and primary production are three more examples of supporting ecosystem 
services tied to human activities at a scale somewhat larger than cities but linked to them (R. M. 
Hassan, S. R. Carpenter, K, Chopra, D. Capistrano, and Millennium Ecosystem Assessment, 
Ecosystems and Human Well-Being. Washington: Island Press, 2005). 
ii. Regulating ecosystem services 
Regulating services are services that an ecosystem provides by regulating the quality of 
pollination, waste-water treatment and other resources. Wind, temperature and oxidation processes 
in the atmosphere provide a regulating service through their capacities to clean the air and 
distribute pollution. One of the characteristic of regulating ecosystem services is pollination. 
Pollination is critical to human well-being but is often taken for granted. It is important because 
about 75 percent of the plant species that humans consume require insect pollinators, although 
some commodity crops (wheat, rice and maize) do not require insect pollination. Under waste-
water treatment, ecosystems such as wetland filter both human and animal waste and again act as 
natural buffer to the surrounding environment (R. M. Hassan, S. R. Carpenter, K, Chopra, D. 
Capistrano, and Millennium Ecosystem Assessment, Ecosystems and Human Well-Being. 
Washington: Island Press, 2005). 
iii. Provisioning ecosystem services 
Provisioning services are ecosystem services that describe the material or energy outputs from the 
ecosystem, e.g. food, water and other resources. Under this provision it is found that the ecosystem 
provides the condition for growing food. Hence, food comes from the managed agro-ecosystems, 
but marine freshwater systems or forests also provide food for human consumption. Wild foods 
from forests are often underestimated. Ecological system also plays an important role in in the 
global water cycle as they regulate the flow and purification of water (R. M. Hassan, S. R. 
Carpenter, K Chopra, D. Capistrano, and Millennium Ecosystem Assessment, Ecosystems and 
Human Well-Being. Washington: Island Press, 2005). 
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iv. Cultural ecosystem services 
Cultural ecosystem services are the non-material benefits people often obtain from the ecosystem, 
for example, aesthetic inspiration, cultural identity, sense of home, and spiritual experience related 
to the natural environment. From these ecosystem services we find that language, knowledge and 
the natural environment have been confidentially related throughout human history. Also, 
biodiversity, ecosystem and landscapes have been the source of inspiration for much of our art, 
culture and increasingly science (Kirchhoff, T. 2012).                                                                                                                                                       
The underlying case for the appraisal of ecosystem services is that it contributes towards better 
decision-making by ensuring that policy appraisals fully consider the costs and benefits to the 
natural environment and by highlighting much more clearly the implications for human wellbeing, 
while providing policy development with new insights (Institute for European Environmental 
Policy, 2006). Therefore, transforming Thabazimbi into an ecosystem service-based livelihood 
will aid in the town to withstand any shock or distress that might rise mostly because of the toxic 
mining activities found in the area. Regions characterized by high vulnerability of ecosystem 
services require information on the ecosystem services flows including the impact of governance 
interventions and pressures on social-ecological systems. 
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Figure 9: Millennium Ecosystem Assessment Conceptual Framework of Interactions between Biodiversity, Ecosystem Services, 
Human Well-being, and Drivers of Change.  
Source: Millennium Ecosystem Assessment (2005). 
Millennium Ecosystem Assessment Conceptual Framework of Interactions between Biodiversity, 
Ecosystem Services, Human Well-being, and Drivers of Change, such as the mining industry will 
be explained according to the aspects stated in the diagram (PWC annual Mine Series, 2014). A 
mine is a direct driver of change under the heading of changes in local land use and cover, resource 
consumption, and climate change. This is because mining is “the activity, occupation, and industry 
concerned with the extraction of minerals” (Pwc.co.za., 2017). Therefore, mining is extracting 
what the environment provides for the wellbeing of the human species.  
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Mining may affect human wellbeing through basic material for a good life, for an example, coal, 
since most electricity processes are done using coal (International Council on Mining and Metals, 
2014). Another way a mine can affect a person’s health is through the toxic emissions from mining 
operations. However, mining provides economic security by providing job opportunities for 
people, bringing in more development to an area (International Council on Mining and Metals 
(2014). Mining also indirectly affects demographic changes. A town can increase in population 
size since most people migrate to places looking for jobs. The area can be full of diversity from 
people moving in coming from various regions and tribes settling in one place with different beliefs 
but having a common goal to get economic freedom. 
2.3.3. Mining Activities as Drivers of Change 
Gregory and Gregory (1980) state that mining is the oldest industry within civilization history. 
Considering that it forms part of the industries that inevitably change the state of a landscape in a 
particular environment, is a a major cause of numerous impacts in the environmentt (Bebbington 
et al., 2008; Mudd, 2010). Studying how it affects different landscapes plays an important role in 
this research. This study will provide relevant recommendations within Thabazimbi Local 
Municipality. Since mines are irregularly situated within certain areas, the impacts they cause are 
inevitably geographical in nature and unevenly affect the ecosystems around them as well as the 
communities around them (Sonter et al., 2014). 
Effects made to the environment (like physical changes) due to mining activities can be detectable 
via satellite imagery. However, Werner et al., (2019) points out that not all effects can be detected 
via aerial satellite photographs like social aspects, be it conflicts or social inequality. Through the 
manifestation of different impacts caused by mining activities it is now apparent that analysing 
such impacts would also require different methods given the unique properties each impact 
possesses. For spatial analysis, such methods can include Remote Sensing (RS) and Geographical 
Information Systems (GIS). These are the tools that are usually utilized within the geographical 
science (Goodchild, 2003).  
As stated by Werner et al., (2019) Remote Sensing use of aerial or satellite imagery to study 
features on Earth’s surface, and GIS is essentially a computer-based system by which geographical 
data are managed, analyzed and manipulated, usually to produce visualizations (2-D or 3-D), 
including maps. Built Environment professionals also utilize this software to acquire data that is 
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far from their rich or for places that are dangerous to reach. They also use it to analyze specific 
impacts that occur to certain disturbances that happen in the environment be it caused by manmade 
activities such as mining or not. (Werner et al., 2019). 
When assessing the impacts of mining in an environment the screening exercise identifies the most 
likely direct, indirect and secondary drivers of ecosystem change that may result in a decline in 
ecosystem services for beneficiaries (Cheng and Luo, 2014). World Resources Institute cites five 
most significant direct drivers of ecosystem change as: changes in local land use and land cover, 
harvest and resource consumption, pollution, introduction of invasive species, and climate change. 
In addition, Cheng and Luo (2014) argues that indirect drivers of ecosystem change can include 
demographic, economic, socio-political and religious or scientific and technological factors that 
lead to changes in resource consumption. 
This broad list of potential drivers has been narrowed to focus on the key sources of potential 
impacts on ecosystem services relevant to mine activities, including: 
• occupation of land during mine construction and operation, resulting in habitat loss, 
degradation and fragmentation and / or reduced access to resources for beneficiaries.  
• disturbance to habitats and species (including introduction of invasive species, and 
activities causing habitat degradation).  
• impacts on surface water due to pollution, resource use (e.g. mine abstractions) and land 
use change; and  
• impacts on availability and quality of resources due to demographic and economic changes 
relating to the influx of people seeking potential employment at the mine. 
This list shows that mining affects various ecosystem services in a tremendous way. However, 
mining does not only affect ecosystem services, it also has impacts within the spatial context since 
the locality in which the mine is situated, immensely classifies the extent that the supporting 
structure is required (Alamgir et al., 2019). Bebbington et al (2018) states that such acts 
automatically lead to a change in the areas surrounding the mine that are not directly involved with 
the mine process. For example, the growth and the direction in which the mining is directed will 
lead to either households being destroyed, ecosystems and other forms of characters that make up 
that area. However, it is widely known that mining is an economic centric practice that transforms 
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and promotes development in communities. This is done through its occupation and growth 
expansion of land that pose as a common interest of many and through the introduction of wealth 
and additional people to an area. Bury (2004) notes that socioeconomic impact does not occur in 
the same time they vary across space because people in which mines affect the most usually live 
and work in areas near to the mine. Furthermore, addressing socio-economic impacts of mining 
using RS and GIS is a challenge since it does not frequently address these impacts in spatially 
explicit terms within mining spaces.  
Devenin and Bianchi (2019) describe “mining spaces” as areas where mining industry production 
relations, corporate social responsibility (CSR) programs, and socio-environmental impacts foster 
changes in spatial practices and ways in which spaces are represented. Among other distinct 
characteristics, mining spaces tend to favour mining activities above other industries and exhibit 
clear distinctions between those who do or do not participate in the mining economy. RS and GIS 
have properties that can easily detect such changes within the environment and the impacts that 
mining cause. Hutchinson and Whitby, (1977) state that mining can affect agriculture in the form 
of acid rain, since in the process of smelting metals or conducting mining activities the Sulphur 
Dioxide becomes the result which is the major cause of acid rain. Thus, it impacts the nutritional 
level of the food or vegetation around. This can be the birth of many health problems and the 
reduction of the value farm products had.  
In addition to the agricultural aspect, every mine has a place where it dumps its waste and heavy 
metals exposed in dumping sites add a risk of contaminating the soil. As a result of soil 
contamination such metals can become mobilised in water, be it ground water or rivers and 
subsequently deposited in places that surround the area. This results in water being toxic in a way 
that could also harm vegetation through irrigation. While a primary challenge of GIS/RS studies 
is to analyze impacts to surrounding areas, on-site waste containment areas are also highly 
impacted, albeit intentionally so.  
The engineered structures for damming tailings and stacking waste rock are also at risk of 
overflow, erosion and failure, which can lead to the mobilization and deposition of heavy elements 
in soils (Kim et al., 2012a). Yongbo et al., (2016) also points out that failed structures can also 
trigger landslides which affect land both within and external to the mine site and concession. . 
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2.4. ECOSYSTEM SERVICES LINK WITH THE SUSTAINABLE 
DEVELOPMENT GOALS 
Although Thabazimbi has no specific policy on ecosystem services, this research focuses on the 
importance and recovery of ecosystem services within Thabazimbi Local Municipality. ES also 
has links with the SDGs. Ilse R. et al. (2017) states that global sustainability policies such as the 
Sustainable Development Goals (SDGs) aim to ensure sustainable development including 
improved human well-being and the conservation of nature. Ilse R. et al. further notes that although 
not yet explicitly used to evaluate the progress towards sustainable development, the ecosystem 
service concept implies a direct link between biodiversity and human well-being. 
CBD (2013) points out that they are two policy of ecosystem services, and these are: SDGs (United 
Nations, 2015a) and Conventional of Biological Diversity (CBD) Aichi Targets. Both policies 
have global extent and contain objectives on sustainable development related to improving human 
well-being and nature. Across both policy documents, all ecosystem service categories are well 
covered. The top 25% of the most cited ecosystem services are: Natural heritage and diversity, 
Capture fisheries, Aquaculture, Water purification, Crops, Livestock and Cultural heritage & 
diversity (Ilse R. et al., 2017). 
When considering the different ecosystem service categories, SDG 2 (end hunger, achieve food 
security and improved nutrition, and promote sustainable agriculture) and Aichi Goal B (reduce 
the direct pressures on biodiversity and promote sustainable use) heavily rely on provisioning 
services, with the latter also relying on regulating services (Ilse R. et al., 2017). However, cultural 
services are more equally demanded over a range of policy objectives, with the service natural 
heritage & diversity being the most demanded ecosystem service (Geijzendorffer et al., 2017). 
2.4.1. Sustainable Development Goals (SDGs) 
Until now, environmental sustainability goals were seen as different from and sometimes even as 
conflicting with development goals. Mostly, the development goals were largely controlled by 
economic growth and poverty reduction, often pushing environmental sustainability to the 
backseat. However, there is a growing body of knowledge and evidence suggesting that sustainable 
development goals cannot be achieved without integrating goals of environmental sustainability. 
Therefore, the ecosystem services form core building blocks for pro-poor economic growth simply 
because they provide stocks of facilities, services and equipment and a valuable and cost-effective 
way of delivering on development goals and supporting development processes especially to the 
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poor (Emerton 2008). In the context of sustainable development, wise use of a range of ecosystem 
services offer opportunities not only to alleviate poverty but to clear the understanding of the 
relationship between ecosystem services and poverty alleviation (Fisher et al., 2014). The 
Sustainable Development Goals (SDGs) mentions water and sanitation (SDG 6) while ecosystems 
(SDG 15) targets restoring and maintaining ecosystems to provide water related services. The 
targets mention the need to integrate ecosystem values into planning, development processes, and 
strategies for reducing poverty (IUCN; IWA, 2014). 
 
2.5. SOUTH AFRICAN LEGISLATIONS AND POLICIES 
2.5.1. South African Constitution 
The South African Constitution gives everyone the right to have the environment protected  
“through reasonable legislative and other measures that secure ecologically sustainable 
development and use of natural resources while promoting justifiable economic and social 
development” (Cullinan, 2007). In framing this basic human right in this manner, the Constitution 
recognizes the reality that economic and social development can only occur within the limits of 
what can be ecologically sustained. 
The responsibility for the provision of a safe and healthy environment is outlined in a range of 
legislation and different sections of the Constitution.  Section 24 provides that everyone has a right 
to an environment that is not harmful to their health and well-being; and to have the environment 
protected for the benefit of present and future generations, through reasonable legislative and other 
measures that prevent pollution and ecological degradation; promote conservation; and secure 
ecologically sustainable development and use of natural resources while promoting justifiable 
economic and social development. The Constitution further places an obligation in terms of section 
152 (1)(b) and (d) on the part of local government as stipulated in sections 4(2)(d)3 and 4(2)(i),4 
73(1) and (2) of the Municipal Systems Act 32 of 200 to ensure that the right to a clean and healthy 
environment is fulfilled. 
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2.5.2. Spatial Panning and Land Use Management Act (SPLUMA), 2013 
According to Msomi (2015), SPLUMA provides a framework for spatial planning and land use 
management in South Africa. This legislation is relevant to this study because the key development 
principles that the act contains supports the environment and promotes sustainability. 
 "Spatial justice" – past spatial and other developments imbalances must be redressed 
through improved access to and use of land. 
 "Spatial sustainability" – promote land development that is within the fiscal, institutional 
and administrative means of South Africa, protect prime and unique agricultural land, 
comply with environmental laws and limit urban sprawl. 
 "Efficiency" – land development must optimise the use of existing resources and 
infrastructure and decision-making procedures must be designed to minimise negative 
financial, social, economic or environmental impact; and 
 "Spatial Resilience"- flexibility in spatial plans is accommodated to ensure sustainable 
livelihoods. 
2.5.3. Environmental Legislations in relation to Mining 
South Africa has sound environmental legislation aimed at achieving sustainable development, 
including laws that support public participation, impact assessment and environmental 
management (Department of Environmental Affairs, 2013). A network of legislation exists in 
South Africa that is geared towards sustainable development and the conservation and 
management of the country's rich biodiversity. Part of this fabric is the Mineral and Petroleum 
Resources Development Act (No. 28 of 2002) (MPRDA), which is the main piece of legislation 
governing all stages of the mining and petroleum production process in South Africa. 
The Minister of Mineral Resources, responsible for implementing the MPRDA, is specifically 
tasked to “ensure the sustainable development of South Africa’s mineral and petroleum resources 
within a framework of national environmental policy, norms and standards while promoting 
economic and social development”. To ensure this, the MPRDA stipulates that the principles of 
the National Environmental Management Act (No. 107 of 1998) (NEMA) apply to all mining, and 
serve as a guideline for the interpretation, administration and implementation of the environmental 
requirements of the MPRDA. 
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To ensure this, the MPRDA includes some key legal and regulatory mechanisms such as the 
Environmental Management Plan (EMP; explained further in Principle 5), the MPRDA Pollution 
Control and Waste Management Regulations (which ensures that water management, soil erosion 
and pollution control comply with applicable legislative requirements) and Section 49 of the 
MPRDA (through which the Minister of Mineral Resources may prohibit or restrict the granting 
of any permission/permit/right in specific areas, including certain areas of critical biodiversity, 
heritage and hydrological importance). 
In addition to the MPRDA, mining companies also need to comply with a range of other laws 
which regulate mining impacts on the environment. The Constitution of the Republic of South 
Africa enshrines the right “to an environment that is not harmful to [people’s] health or well-
being”. NEMA sets out environmental management principles that support this, and other Specific 
Environmental Management Acts (SEMAs) that should guide decision-making throughout the 
mining life cycle. Disturbance of ecosystems, loss of biodiversity, pollution or degradation of the 
environment, as well as sites that constitute the nation’s cultural heritage, should be avoided, 
minimised, rehabilitated, or as a last option offset. This is supported by the Biodiversity Act as it 
relates to loss of biodiversity and by the Environmental Impact Assessment Regulations (GN No. 
R. 543) published in terms of NEMA; which guide the identification, assessment and evaluation 
of impacts, and the determination of appropriate mitigation measures required for various listed 
activities. 
Water Use Authorisations under the National Water Act (No. 36 of 1998) are required by most 
mining operations. In addition, mine-water regulations (Government Notice (GN) No. R. 704) are 
aimed at ensuring the protection of water resources. Finally, the National Environmental 
Management Protected Areas Act (No. 57 of 2003) prohibits mining and prospecting in protected 
areas. In addition, other legislation such as the National Heritage Resources Act (No. 25 of 1999) 
and various land use planning ordinances and zoning schemes may apply. 
2.6. CASE STUDIES 
This section shows different case studies wherein sustainable livelihoods where practised and were 
a success. The section also provides lessons learnt from these projects. Case studies were reviewed 
to enable the researcher to acquire a better understanding on the best practises across the globe. 
Such cases are discussed in the sections below.
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Box 1: The Sustainable Fisheries Livelihoods Project
The Sustainable Fisheries Livelihood Project (SFLP) is found in 25 West African countries. It is funded 
by the United Kingdom Government's Department for International Development (DFID) and is 
implemented through FAO. The project was initiated as a sustainable livelihoods project and its design 
evolved as the sustainable livelihoods (SL) approach developed within DFID. It was built upon a long-
term awareness of the problems facing fishing communities in West Africa that had evolved from a 
strong network of people within the region that was supported by a previous FAO project.  
 
The SFLP has a clear entry point: that of implementing the Code of Conduct for Responsible Fisheries. 
It does this in ways that can inform the wider application of the code to support the sustainable 
livelihoods of fishers globally. The Code of Conduct for Responsible Fisheries is a globally agreed upon 
set of guidelines for how participants in the fisheries sector will manage the development of the sector 
to achieve poverty alleviation, increased food security, improved working conditions, more inclusive 
decision-making, reduced vulnerability and more sustainable use of resources. The code came into 
effect in 1995 and its implementation is supported by FAO. The SFLP is designed in an extremely 
flexible way to maximize the participation of fishers in the implementation process. It is also designed 
both to address current poverty in the sector and to anticipate poverty through its concern for the 
vulnerability of the communities who depend upon the fragile natural resource base.  
Key outputs of the project are: 
• incorporation of the code into national plans and policies. 
• improved capacity of communities to participate in fisheries planning and management. 
• establishment of community-based co-management systems. 
• enhancement and protection of aquatic ecosystems and resources. 
• enhancement of economic and social benefits from artisanal fisheries. 
• wider policy informed from experiences. 
 
All the stakeholders concerned will jointly decide how those outputs will be achieved.  
A key part of the project is the ongoing monitoring that will feed back into the detailed design. The 
monitoring will focus both on the immediate effects on the structures and processes that influence the 
management of the sector and on the impacts on the lives of the fishers themselves. In this way, the 
linkages between what is happening at the micro level and what is happening at the macro level will be 
established. While the project will take the fisheries sector as its entry point it will not focus exclusively 
on it. The implications of change within the sector will be considered in terms of the wider context of 
people's lives and in terms of the need to integrate fisheries into broader coastal and lakeshore 
management and development systems.  
The project has been operational only since the beginning of 2000, but already lessons are being learned. 
In particular, the following: 
• SLAs do not need to start from scratch, they can build upon what has gone before. 
• SLAs do not have to work in isolation from other approaches such as the Code of Conduct. 
• SLAs are equally applicable to the vulnerable as well as to the poor. 
• Raising awareness of SL approaches among partners is extremely important at an early stage.  
The SFLP will be an important project for informing the evolution of sustainable livelihood approaches 
within DFID, especially in the fisheries and aquatic resources sector. 
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Box 2: Indonesia (DELIVER
DELIVERI is a project with a purpose of reorienting specific (mainly government) institutions towards the needs of 
resource-poor farmers. In doing so, it has put much of its energies into identifying those needs in all their complexity. This 
means that although it was designed and largely implemented before DFID's SL framework was conceived, it is of interest 
in exploring the practical implications of SLAs. This is so for two reasons: 
• It was a project that focused specifically on the behaviour of government and its impact on the livelihoods of the 
poor. 
• In doing so, it set about exploring the various factors that influenced people's livelihoods, as seen by the 
beneficiaries themselves. 
The two main aspects of this mini-study were the following: 
 
The design of the project  
Following a long tradition of DFID involvement in the Indonesian livestock sector, the designers of the project stepped 
outside the previous technical confines of DFID's historical role in the sector to re-examine the constraints on livestock 
development among resource-poor farmers. Their conclusions were that a complex of institutional weaknesses in the 
government livestock services underpinned a rigid and unresponsive supply of services that was incapable of 
accommodating the varied needs of poor farmers. The project was therefore designed to address those weaknesses and 
alter the way the government, together with other relevant institutions, related to the poor. 
 
The institutionalization of and appreciation of livelihood strategies  
DELIVERI has brought about institutional change by piloting a range of innovative service supply models, which involved 
analysing the needs of poor farmers and designing methods for responding to them. Central to many of the pilots was a 
participatory cycle of participatory inquiry, planning, implementation and evaluation, carried out by the target communities 
and facilitated by government field workers. Other pilots operated higher in the institution than the field workers but served 
to channel to senior managers and to policy makers and the field workers' expanded understanding of the context in which 
poor farmers worked. The result was an institution that was more equipped and more committed to identifying and 
supporting farmers' livelihood strategies.  
 
The "critical Lessons" addressed three aspects of DELIVERI: 
Project identification and design. DELIVERI exploited an entry point in the livestock sector to bring about change in an 
institution that has important implications for the livelihoods of the rural poor and that had been diagnosed as having a 
complex of weaknesses. However, this meant that no holistic overview of the livelihood strategies of the poor was entered 
into at the design stage, which in turn meant that any other elements crucial to supporting the very poor could not be 
assessed. Whether it could have addressed any more crucial elements without exploiting its entry point, is as yet, an 
unanswered question. 
 
The selection of the pilots. The project’s purpose was one of institutional change. Some pilots were conducted that were 
at best ambiguous to the needs of the resource poor in order to contribute to the overall purpose. This was not an oversight, 
but a strategy agreed upon by the whole project and its stakeholders. This brings us to the question: can we practically 
expect a project to remain true to the spirit of SLAs at all levels of project design and implementation, or merely in 
reference to its overall outcome? 
 
The restrictions of a narrow sectoral focus.  
The participatory planning process was facilitated by field staff from the livestock sector. In examining livelihood 
strategies, the staff ran the risk of leading a community to uncover important development issues that were beyond their 
ability as livestock staff to address further. Bearing in mind that all participatory approaches can raise false hopes that 
further processes cannot satisfy, does this imply that it is inappropriate for staff of a narrow sector to address broad 
livelihood issues? Does this imply that SLAs are useful for those who have the ability to work cross-sectorally but too 
awkward a tool for the employees of state-run services to employ? 
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3. CHAPTER 3: METHODOLOGY 
 
Chapter 3 reveals the methods and instruments utilized for acquiring, gathering, analysing and 
presenting data. It bridges the gap of defining the specific research methods used in detail 
together with the tools used for analysing and presenting data. This chapter also elaborates how 
the research methods, tools or instruments were used in terms of their specific purpose and how 
they helped in achieving the research’s objectives. This was done to collect, retrieve, 
manipulate/analyse and present research finding with the main purpose of making Thabazimbi 
Local Municipality an ecosystem service-based town through a Sustainable Livelihood 
Approach. In short, this chapter outlines methods necessary to achieve the objectives of this 
research in relation to the research questions and problem statement. The chapter lays out the 
research approaches (quantitative and qualitative), research strategy, data collection, sampling, 
limitations of the research methods, and ethical considerations. 
According to Rajasekar et al. (2013), research methodology is a systematic way to solve a 
problem. Rajasekar et al., (2013) further points out that the procedures by which researchers 
go about their work of describing, explaining and predicting phenomena are called research 
methodology. The chapter outlines methods necessary to achieve the objectives of this research 
in relation to the problem statement and literature. The study adopted a mixed research 
approach (quantitative and qualitative). The study employed the quantitative approach because 
the researcher used numerical data to identify large-scale trends and employed statistical 
operations (Amaratunga et al. 2002). The researcher also employed the qualitative research 
approach which is a type of social science research because the researcher collected and worked 
with non-numerical data. This was to determine causal and correlative relationships between 
variables (Crossman, 2017). The below figure illustrates the research design methods adopted 
in this research. 




3.1. OBSERVATIONAL RESEARCH DESIGN 
Observational research design shows the research paradigm employed together with the 
approach used within this research. For this reason, quantitative and qualitative research 
approaches were used to acquire relevant reliable information. More of the quantitative 
approach was used in a form of Likert Scale whereas the qualitative approach was used to 
complement the qualitative approach through pattern matching. 
3.1.1. Research Approach 
The study employed the quantitative approach which uses numerical data to identify large-
scale trends and employs statistical operations (in this case it involves the change in livelihood 
patterns together with their challenges and how ecosystem services are utilized at Thabazimbi 
Local Municipality). Questionnaires were drafted using a Likert Scale where 5= strongly 
agree/highly available, 4= agree/available, 3= not sure, 2= disagree/partially available, and 1= 
strongly disagree/unavailable. This was done to show an order of importance of each variable 
within the 5 Capitals of Sustainable Livelihood Framework related to the four types of 
Ecosystem Services. The researcher also utilized qualitative research approach which is a type 
of social science research that collects and works with non-numerical data that seeks to 
determine causal and correlative relationships between variables (Crossman, 2017).  
Outlines the research paradigm used, and the 
research approach.Observational
Focuses on operation of the study, data collection 
tools and instruments.Operational
it explains how Remote sensing was used when 




(Sample size) deals with methods of selecting items 
that are to be observed. Sampling 
Outlines how statistical variables were designed, 
measured and analysedStatistical
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Two sets of questionnaires were drafted with 2 sections each, a questionnaire that dealt with 
Ecosystem Services was designed for farmers and government officials. The second type of 
questionnaire that dealt with Sustainable Livelihoods was designed for residents and 
government officials. In total, 31 questionnaires were distributed with 15 responses from the 
ESS questionnaire and 16 responses from the Sustainable Livelihood Questionnaire. From two 
sets of questionnaires 5 government officials responded to each question. The government 
officials who responded are the Community Liaison Officer, Town Planner, Local Economic 
Development Officers dealing with SMMEs and the other one who works with mining 
industries, and an Environmental Officer.  
In addition, images of the study area were downloaded and analysed using GIS and RS. This 
helped the researcher to interpret information from the data acquired to understand the social 
life (Crossman, 2017) through the study of targeted populations at Thabazimbi.  
3.1.2. Research Design 
It is widely known that research design is more of a layout plan showing how the research 
questions would be answered. Kervin (2008) avers that research design is the blueprint for the 
researcher to fulfil the objectives and to answer the research questions. This research adopts a 
mixed approach, and an exploratory research. Exploratory research studies are also termed as 
formulative research studies because the major emphasis in such studies is on the discovery of 
ideas and insights. The following three methods in the context of research design for such 
studies are listed by Kothari (2004):  
o The survey concerning literature,  
o The experience survey and  
o The analysis of ‘insight-stimulating’ examples. 
The objective of such a survey is to obtain insight into the relationships between variables and 
new ideas relating to the research problem (Kothari (2004). The community experienced 
economically and socially challenges when one of the biggest mines closed because of people’s 
over-dependence on the mine for revenue. , However, the major problem is that mining 
operations damage the environment.  So, the exploratory approach revealed insights from the 
Sustainable Livelihood Approach and allowed the formulation of relevant and sound strategies 
towards an ecosystem based Thabazimbi town. 
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3.2. OPERATIONAL RESEARCH DESIGN 
This section covers the operation of the study, data collection tools and instruments which were incorporated to achieve the three main objectives 
of the study. The table below highlights various methods and instruments which were used to collect and analyse data. Specific objectives and 
research questions were also mentioned together with the variables. 
3.2.1. Research Matrix Table 
 
Table 1: Research Matrix Table 











To assess the availability 
and usage of ecosystem 
services at Thabazimbi 
a) What are the benefits 





























To evaluate the 
challenges faced in 
a) What are Thabazimbi’s 










- Q-Q plots 
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Thabazimbi’s past and 
present livelihoods  
livelihoods from 2001-
2018? 
b) To what extent did 
Thabazimbi’s livelihoods 
pose as a challenge to the 
residents?  
c) How did residents 














To identify the impact of 
mining on ecosystem 
environment  
a) What are the impacts of 
mining activities on the 
environment? 
b) What are the landscape 
dynamics of the areas 
affected by mining 
activities? 
c) How do people respond 
to different contexts of 



















Source:  Author’s Construct (2019)
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3.2.2. Data Collection methods 
This study used different data collection tools to collect data that were analysed and presented with 
the aim of achieving the study’s objectives. No key informant interviews were conducted only 
questionnaires were filled and were divided into three (3) target audiences namely Thabazimbi 
residents, government officials and farmers within the locality. Other questionnaires were 
distributed randomly to make sure of the proportional representation of each respondent. The 
researcher was present when resident respondents filled. Therefore, the researcher could answer 
any questions respondents may have had. The questionnaire was written in Town Planning 
language and some words could be confusing to residents. So the researcher administered the 
questionnaires and waited for the respondents to fill in and submit them.  
The researcher used Google Forms for the questions and most of the people are not familiar with 
it. This why the researcher had to be present to make sure respondents clearly understood what 
was required of them. However, some of the questionnaires that government officials and farmers 
responded to were filled in the absence of the researcher. Chapter 4 presents the results of all the 
data collected from the methods that this study adopted. 




3.2.2.2. Secondary data collection. 
-Literature 
 
3.2.3. Achievement of research Objectives 
This research sought to achieve three main objectives. To achieve these objectives primary and 
secondary data gathered from the study area were utilized. Thus, to gather information to achieve 
the objectives, different methods of analysis were adopted guided by the research questions. This 
section indicates how data collection tools and methods were used to achieve the objectives. 
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Table 2: Achievement of objectives 
Objectives of the 
research 
Methods used to achieve the objective 
1. To assess the 
availability and 










The research objective aims to answer the main research 
question: What are the benefits residents receive from the 
ecosystem? 
 
To answer the research question, the researcher compared means 
using SPSS to present the overall performance of selected 
residential halls in relation to the identified study constructs to 
get the level in which each element is satisfied. It was completed 
by assessing performance level of the different types of 
ecosystem services. 
2. To evaluate the 
challenges faced by 
Thabazimbi’s 
residents in their 
past and present 
livelihoods 
The research objective aims to answer the main research 
questions:  
- What are the livelihood challenges do Thabazimbi 
residents face? 
- Which asset can be used to improve the condition of 
Thabazimbi residents? 
To answer the above questions, Multiple Regression Analysis 
was used to analyse the cause and effect relationship between 
livelihood patterns and Thabazimbi Local Municipality to 
determine which elements of the 5 Sustainable Livelihood 
Approach capitals are significant in to making Thabazimbi a 
self-sustaining, resilient town. 
  
3. To identify the 
impact of mining 
on the Environment 
This research objective aims to answer the main research 
questions:  
- What are the impacts mining in the Thabazimbi 
environment? 
- What are the landscape dynamics of the areas affected 
by mining activities? 
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To answer the research questions, the researcher used systematic 
tools, specifically Remote Sensing and Geographical 
Information system to take satellite imagery and map out the 
different mines located in the area. Then the Arc GIS was used 
to analyse the landscape dynamics caused by mining and the 
impacts on the environment that are caused by mining activities. 
Arc GIS was also to calculate the NDVI and classification of the 
open-ended questions answered by farmers and residents in 
order to know how they respond to different contexts of changes 
in ecosystem services provision  
Source: Research Author (2019)  
3.3. SAMPLING RESEARCH DESIGN 
Sampling deals with methods of selecting items that are to be observed. Bryman and Bell (2007) 
define sampling research design as the section or fragment of the population that is specifically 
selected for the research process. Therefore, this section provides the sampling methods used 
together with the procedure followed in line with the sample size and the study’s objectives.  
3.3.1. Sampling unit of analysis 
The sampling unit of analysis for this research are people residing in the Thabazimbi Local 
Municipality and farmers. Key informants were officials who work at Thabazimbi and officials 
who work in the agriculture sector and mining experts or workers. 
3.3.2. Sample size 
Sample size refers to the total number of substances identified from the sampling unit. Sample 
sizes can either be fixed or sequential. They can be determined in advance or more data can be 
collected if the initially collected data does not answer the research question (Lacobucci 2005). 
This research adopted random sampling method. Kothari (2004) indicates that in random 
sampling, every item of the universe has an equal chance of inclusion in the sample. The sample 
size of this project was determined by the number of key informants that were to be randomly 
selected who reside at Thabazimbi’s main town and questionnaires were filled. A total of 62 
questionnaires were filled. 5 were completed by Municipality’s officials, 5 by mining officials, 5 
were completed by the Department of Agriculture officials and then the rest 47 questionnaires 
were filled by Thabazimbi’s town residents. 
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3.4. REMOTE SENSING AND ARC GIS 
Four data sources were used for this area: (1) Student downloaded five LANDSAT images from 
USGS database by a 30-m resolution LANDSAT satellite from 1984 to 2019. (2) The spatial extent 
of mines were digitized creating shape files from KML for the LANDSAT images (1984, 1990, 
2000, 2010 and 2019). (3) Thabazimbi’s mines boundaries were obtained from the South African 
government agency HDA Lapsis (http//www.hda.co.cn/lapsis). (4) The Normalized Difference 
Vegetation Index (NDVI) was calculated based on the images downloaded by the LANDSAT 
satellite. 
3.4.1. Digitization 
Images from USGS were extracted using a LANDSAT satellite with a spatial resolution of 30m. 
According to the website Landsat.gsfc.nasa.gov (2019) Landsat satellites have consistently 
gathered data about the planet; the satellite has consistency in data collection, image format, 
geometry, spatial resolution, calibration, coverage and spectral characteristics are amongst the 
hallmarks of Landsat program. Five images were downloaded to conduct a time series analysis for 
the development and expansion of mines at Thabazimbi Local Municipality starting from 1984 so 
see change over time of a 10-year difference to detect the impact of mines from when the mining 
operations were not extremely practised. This was conducted utilizing the Landsat archive since it 
provides the world’s longest, continuous global space-based record of changes on Earth’s land 
surface, beginning in 1972. 
The following images were downloaded using Landsat 5 TM satellite 1984, 1990, 2000. The 2010 
image was downloaded using Landsat 7 and the 2019 image was downloaded using Landsat 8. 
Google earth was used to digitize mines that were available in 1984 and those that have emerged 
within a 10-year interval of 1984 and 1990, 1990 and 2000, 2000, 2010 and 2019. Polygons were 
drawn and saved as KML files then transferred or converted into shape files depicting the location 
of the mines together with the boundary of the municipality jurisdiction. Data regarding the 
location of the mines was acquired from the National Department of Environmental Affairs and 
the Department of Mineral Resources, South Africa. 
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3.4.2. Normalized Difference Vegetation Index (NDVI) 
According to Holme et al., (1987), the Normalized Difference Vegetation Index (NDVI) is a 
numerical indicator that uses the visible and near-infrared bands of the electromagnetic spectrum, 
and is adopted to analyse remote sensing measurements and assesses whether the target being 
observed contains live green vegetation or not. The NDVI algorithm subtracts the red reflectance 
values from the near-infrared and divides it by the sum of near-infrared and red bands (Tomasz et 
al., 2013). 
NDVI= (NIR-RED) / (NIR+RED) 
According to Tomasz et al., (2013) the formulation allows definite fact that two identical patches 
of vegetation could have different values if one were, for example in bright sunshine, and another 
under a cloudy sky. The bright pixels would all have larger values, and therefore a larger absolute 
difference between the bands (Holme et al., 1987). Generally, healthy vegetation absorbs most of 
the visible light that falls on it and reflects a large portion of the near-infrared light. Unhealthy or 
sparse vegetation reflects more visible light and less near-infrared light. Bare soils on the other 
hand reflect moderately in both the red and infrared portion of the electromagnetic spectrum 
(Holme et al., 1987). 
The NDVI was derived from Landsat sensors to analyse the land cover change showing the various 
vegetation change impacted by the mining development around the area. The NDVI images were 
processed using the ENVI software then transferred to Arc GIS for further statistical calculations 
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3.5. STATISTICAL RESEARCH DESIGN 
This section deals with how statistical variables were designed, measured and analysed as well as 
the criteria followed. This shows that the study also incorporated elements of the quantitative 
approach.  
 
3.5.1. Variable identification 
A variable represents any attribute or property of an object whose value can be measured. A 
variable is any characteristic, number, or quantity that can be measured or counted. A variable may 
also be called a data item. Age, sex, business income and expenses, country of birth, capital 
expenditure, class grades, eye color and vehicle type are examples of variables. It is called a 
variable because the value may vary between data units in a population and may change in value 
over time. Through ecosystem services indicators, 3 study constructs were identified. Moreover, 
5 study constructs were identified through the review of literature on “Sustainable Livelihood 
Framework” Natural Capital, Physical Capital, Financial Capital, Human Capital and Social 
Capital.
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NAT_CAP • High amount of natural resources at Thabazimbi 
• High out flow of natural resources from Thabazimbi to other 
areas 
•  Thabazimbi sustainably gaining from the influx made from 
nature 
• Flow of environmental services within 
• Good opportunities are provided for residents to be sustained 
• Residents are given relevant knowledge on how to use natural 
resources 
• Farmers are empowered equally by the government  
 





HUM_CAP  • Adequate indigenous human resources 
• Thabazimbi’s human resource from other municipalities. 
• Equal shared Knowledge and skills amongst residents 
• Residents are willing to gain knowledge and experience 
• Residents are willing to work to sustain themselves 
• Good recognition and empowerment of physical capability 
 
Questionnaire 5-point scale 
(Nominal Scale) 
Social Capital  SOC_CAP • There is a gap between the rich and the poor 
• Proper social facilities are available at Thabazimbi Town. 
• Residents are willing to be educated 
• Job opportunities are available for Thabazimbi residents 
• There are bursaries or financial assistance from the 
government 
• There are awareness programmes available for residents  
• Sporting activities are available for residents  
 
 5-point scale 
(Nominal Scale) 




ECO_CAP • Influx of financial capital within Thabazimbi Town 
• Government supports and promotes small businesses 
(SMMEs)  
• Adequate exposure is granted to all forms of businesses in 
Thabazimbi 
• Economic assets are available for the community to use 
• Thabazimbi is currently an economically stable town  
• Thabazimbi has a potential of being economic vibrant town 
 




PHY_CAP • Production equipment is available for users 
• There are affordable tools/equipment required to make a 
living 
• Good technological tools are essential  
• Tools and equipment is also available for the low income 
earners 
• Proper water and sanitation systems available 
• Proper transport networks and telecommunication lines 
available 
• There is proper maintenance of physical infrastructures 
 
Questionnaire 5-point scale 
(Nominal Scale) 
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Study Variables  Data collection tool  Measurement criteria 
Provisional 
Services 
PROV_ESS • Availability of wild fruits 
• Availability of cotton 
• Availability of sunflower 
• Availability of crops 
• Availability of game food 
• Availability of fuel or wood 
• Availability of hay 
• Availability of medicinal and cosmetic plants 
• Availability of livestock 
• Availability of freshwater 




REG_ESS • Availability of soil retention and erosion control 
• Availability of pollination for useful plants 
• Availability of climate regulation 
• Availability of soil purification 
• Availability of waste treatment 
• Availability of waste purification 
• Availability of pest prevention 
• Availability of invasive species prevention 
• Availability of air quality 




CUL_ESS • Availability of recreation 
• Availability of tourism ecotourism 
• Availability of aesthetic landscape 
• Availability of education interpretation 
• Availability of scientific research 
• Availability of traditional ecological knowledge 
• Availability of cultural heritage  
Questionnaire 5-point scale (Nominal 
Scale) 
Source: Author’s Construct (201
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3.5.2. Variable measurement 
According to Kothari (2004), variable measurement is the process of assigning numbers to various 
objects through an instrument, device or computer. The scale of the variable measured drastically 
affects the type of analytical techniques that can be used on the data and the conclusions that can 
be drawn from the data. This study utilises nominal data and scale measurements out of the four 
that SPSS provides. 
3.5.3. Statistical analysis 
The researcher used SPSS which is the Statistical Package for the Social Sciences to analyse data. 
It processes questionnaires, reporting in tables and graphs and analysing using compared means 
and Regression (Smits J, 2007). The following model was used to complete the whole process. 
Clean data (questionnaires), data entry, data retrieval and analysis. 
 
Figure 10: SPSS Model.  
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3.5.4. Data presentation 
Tot present data, the researcher used tables, bar graphs, pie charts and pictures.  
• Graphs 
Graphical method was used to give a visual impression such as pie charts, bar graphs or pictures 
for the outcomes of data analyzed. Normal Q-Q plots were also used for normality tests, and 
histograms were used to determine the skewness and distribution of the variables. 
• Tables 
The researcher used tables where statistics of frequencies needed to be emphasized.  Such 
presentation tools outlined a pure rich information on the outcomes of the analysis. Means, 
comparisons, multiple regression analysis results and frequencies tables were utilized. 
3.5.5. Data analysis tools 
Before commencing with the analysis, the researcher cleaned the collected data through SPSS. 
This was to ensure that the data would be reliable and produce correct results. Objective 3 was 
analyzed through Arc GIS and data was collected using Remote Sensing. Data was cleaned by 
conducting a Normality Test and Measures of Reliability were used to test the variables. Cleaning 
of variables was conducted because the statistical tests used for analysis include Compared Means 
Analysis and Multiple Regression Analysis, and they require data to be normally distributed. 
i. Normality tests 
Normality tests procedures are done to determine how normal the variables are and if they have 
been drawn from a normal distributed population using SPSS 25. This study used Kolmogorov-
sminov Test for normality. This is based on the maximum difference of the observed distribution 
and the expected cumulative distribution. However, if the assumption of normality is not valid, it 
automatically reports that the outcomes of the analysis will be unreliable. When conducting a 
normality test, a Q-Q Plot is also utilized or can be graphically incorporated as a form of 
presentation of the analysis conducted for each study construct. According to the general rule of 
thumb, if skewness ranges between +/-2, it is regarded as normal (NIST/MATECH, 2013). For 
kurtosis, the value should lie between+/-3 (NIST/MATECH, 2013). The test ensures that the data 
being analysed is of clean, normally distributed and reliable. 
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3.5.5.1. Normality test for Independent study constructs 
The researcher conducted a normality test for independent study construct both for Ecosystem 
Services and Sustainable Livelihoods to test how the variables falling under each study construct 
are distributed. Firstly, independent study constructs were tested by looking at the distribution of 
variables within the first type of questionnaires that are Ecosystem Services. This was done to 
determine whether the independent study constructs are normally distributed or not in conjunction 
with Objective 1 which focusses on the availability of Ecosystem Services at Thabazimbi.  




















PROV 10 1.02817 -.419 .580 .221 1.121 
Regulatory 
Services 
REG 9 .94549 .027 .580 1.209 1.121 
Cultural 
Services 
CUL 7 .89779 -.245 .580 -.736  1.121 
Source: Authors Construct (2020)  
 
Normality test for Provisional Service Study construct  
Each study construct was tested individually. Figure 1 illustrates the distribution of the study 
construct. The Provisional Services that were tested had a normal distribution. The results were 
also validated using a Q-Q Plot illustrated in 4.2 showing all variables being closer to the 
distribution line. 
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Figure 11: An illustration depicting results for the normality test. The study construct variable tested are of Provisional Services 




Figure 12: A Q-Q Plot depicting results for the normality test using study construct variable of Provisional Services. This indicates 
the variables being closer to the distribution line which therefore shows an outcome of a normal test.  
Source: Author’s construct (2020) 
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Normality Test for Regulatory Service Study Construct. 
Each study construct was tested individually to determine how the variables were distributed. 
Figure 3 a normal variables distribution of the study construct (Regulatory Services). The results 
were also validated using a Q-Q Plot illustrated in Figure 4 showing all variables being closer to 
the distribution line. 
 
Figure 13: An illustration depicting results for the normality test. The study construct variable tested are of Regulatory Services. 
The results show a normal distribution. 
Source: Author’s construct (2020) 
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Figure 14: A Q-Q Plot depicting results for the normality test using study construct variable of Regulatory Services. Wherein it 
visibly indicates the variables being closer to the distribution line which therefore shows an outcome of a normal test.  
Source: Author’s construct (2020) 
 
 
Normality test for Cultural Service Study construct  
Each study construct was tested individually to determine whether r the variables were normally 
distributed. Figure 5 illustrates the normal distribution of the study construct. The Cultural 
Services that were tested had a normal distribution. The results were also validated using a Q-Q 
Plot illustrated in Figure 6 showing all variables being closer to the distribution line. 
 
60 | P a g e  
 
 
Figure 15: An illustration depicting results for the normality test. The study construct variable tested are of Cultural Services. The 
results show a normal distribution. 




Figure 16: A Q-Q Plot depicting results for the normality test using study construct variable of Cultural Services. Wherein it visibly 
indicates the variables being closer to the distribution line which therefore shows an outcome of a normal test.  
Source: Authors Construct (2020)  
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3.5.5.2. Normality test for Dependent Study Constructs 
The distribution of variables within the second type of questionnaires with regards to livelihoods 
was tested so that it could be determined the distribution of dependent study constructs. 
Unemployment/ lack of education, political and basic needs are the dependent study constructs 
since research objective 2 sought to evaluate the livelihood challenges faced by Thabazimbi Local 
Municipality. 


















lack of education 
UNL 14 .64297  -.266 .564 -.407 1.091 
Political POL 18 .76652 -.858 .564 .124 1.091 
Basic needs BN 16 .72656 -.614 .564 -.126 1.091 
Source: Authors Construct (2020) 
Normality test for Unemployment/ lack of education Dependent Study Construct 
The Unemployment/lack of education study construct was tested for normality since inferential 
statistics requires normal distribution amongst variables used. This was deemed necessary since 
regression analysis is an inferential statistic or gaining confidence about the reliability of results. 
Figure 7&8 illustrate that the dependent study construct (Unemployment/ lack of education) is 
normally distributed because the result of skewness is equal to (-.266) which is between -1 and +1. 
With regards to kurtosis, the standard deviation is medium spread along the distribution illustrating 
a Mesokurtic curve as shown below. It also indicates a normal distribution because the scores are 
along the distribution line. Normal Q-Q plot for Unemployment/ lack of education Study Construct 
showing variables being closer to the distribution line where the outcome of the test is normal. 
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Figure 17: An illustration depicting results for the normality test as normally distributed. Results attained from the dependent 
study construct variables tested unemployment/lack of education related challenges.  
Source: Authors Construct (2020) 
 
 
Figure 18: Normal Q-Q plot for Unemployment/lack of education Study Construct showing variables being closer to the 
distribution line where the outcome of the test is normal.  
 Source: Authors Construct (2020) 
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 Normality test for Political Dependent Study Construct 
The political study construct was tested for normality since inferential statistics requires Normal 
distribution amongst variables used. This was deemed necessary since regression analysis is an 
inferential statistic for gaining confidence in the reliability of the results. Figure 9 & 10 illustrates 
that the dependent study construct (Political) has a fair normal distribution and almost skewed to 
the right because the result of skewness is equal to (-.858) which is a value close but still in between 
-1 and +1. The standard deviation is fairly spread out over a large range along the distribution 
illustrating a Mesokurtic curve as shown below. This also indicates a normal distribution. The 
large spread was due to about 3 outliers. However, the rest of the scores are clustered around the 
mean along the distribution line as indicated in the Q-Q Plot below. 
 
 
Figure 19: An illustration depicting results for the normality test as normally distributed. Results attained from the dependent 
study construct variables tested for political related challenges.  
Source: Author’s Construct (2020) 
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Figure 20: Normal Q-Q plot for Political Study Construct showing variables being closer to the distribution line where the outcome 
of the test is normal.  
Source: Authors Construct (2020) 
 
Normality test for Basic Needs Dependent Study Construct 
The basic needs study construct was tested for normality since inferential statistics require normal 
distribution amongst variables used. This was necessary since regression analysis is an inferential 
statistic for gaining confidence in the reliability of results. Figure 11 & 12 illustrates that the 
dependent study construct (Basic needs) has normal distribution and almost skewed to the right 
because the result of skewness is equal to (-.614) which is a score between -1 and +1. With regards 
to kurtosis, the standard deviation or the scores are very spread out along the distribution 
illustrating a Platykurtic curve being almost flat as shown below. This indicates a normal 
distribution due to about 3 outliers. However, the rest of the scores are clustered around the mean 
along the distribution line indicated in the Q-Q Plot below. 
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Figure 21: An illustration depicting results for the normality test as normally distributed. Results attained from the dependent 
study construct variables tested for basic needs related challenges.  




Figure 22: Normal Q-Q plot for Basic Needs Study Construct showing variables being closer to the distribution line where the 
outcome of the test is normal.  
Source: Author’s Construct (2020)
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ii. Reliability tests 
The study was then subjected to a reliability test. This is a test of the degree to which assessment tools produce stable and consistent 
results (Student Outcome Assessment, 2006). The test involves determining if the data collected is reliable for analysis. The study 
followed a Cronbach Alpha statistic which was directed by four degrees of reliability scales proposed by Hair et al. (2014). Thus, a 5-
point Likert scale was used to measure reliability of study constructs. Hair et al. (2014) point that for a degree of reliability, the following 
should be adopted: if Cronbach Alpha is 0.50 and below, it means low reliability; 0.50 to 0.70 means moderately of high reliability, 0.70 
to 0.90 means high reliability and 1.0-0.90 means excellent reliability. The researcher did reliability test for the below scripted study 
constructs. 










Degree of reliability 
according to Hair et 




PROV_ESS • Availability of wild fruits 
• Availability of cotton 
• Availability of sunflower 
• Availability of crops 
• Availability of game food 
• Availability of fuel or wood 
• Availability of hay 
• Availability of medicinal and cosmetic plants 
• Availability of livestock 
• Availability of freshwater 
10 .926  Excellent Reliability 
Regulatory 
Services 
REG_ESS • Availability of Soil retention and erosion control 
• Availability of Pollination for useful plants 
• Availability of Climate Regulation 
9 .913 Excellent Reliability 
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• Availability of Soil Purification 
• Availability of Waste treatment 
• Availability of Waste Purification 
• Availability of Pest Prevention 
• Availability of Invasive Species Prevention 
• Availability of Air quality 
Cultural 
Services 
CUL_ESS • Availability of Recreation 
• Availability of Tourism Ecotourism 
• Availability of Aesthetic Landscape 
• Availability of Education Interpretation 
• Availability of Scientific Research 
• Availability of Traditional Ecological Knowledge 
• Availability of Cultural Heritage  
7 .839 High Reliability 
Source: Fieldwork (2019)  
 
Drawn from the above outcomes of the reliability test shows a gradation of excellent reliability. This grants an allowance for proceeding 
with the analysis of the data collected in the field with the identified study constructs stated in Chapter Three and the Literature Review. 
Below is the detailed analysis normality test and reliability test for Sustainable Livelihood variables of the second objective. 
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Measures of reliability for independent study constructs 
All the variables that make up all the dependent study construct were subjected to a reliability test to assess the extent to which the 
utilized variables are reliable after the normality tests. The test is necessary in determining the reliability of the data collected. In this 
case, a 5 point Likert scale was used. According to Hair et al (2014), a degree of reliability is simplified in the following way, when the 
Cronbach Alpha is 0.50 and below then it shows low reliability; 0.50 to 0.70 show moderate or high reliability; and 1.0-9.0 show 
excellent reliability. This study adopted the statements by Hair et al. (2014) ands conducted a reliability test for the following scripted 
study constructs.  






Study Variables  Number 
of items  
Cronbach 
Alpha  
Degree of reliability 
according to Hair et 
al.’s (2014) degrees 





UNL • Enough Indigenous human resource 
• Thabazimbi's human resource from other municipalities 
• Equal shared knowledge and skills amongst residents 
• Residents are willing to gain knowledge and experience 
• Residents are willing to work to sustain themselves 
• Good recognition and empowerment of physical capability 
• There is a gap between the rich and the poor 
• Proper social facilities are available at Thabazimbi Town 
• Residents are willing to be educated 
• Job opportunities are available for Thabazimbi residents 
• There are bursaries or financial assistance from the government 
• There are awareness programmes available for residents  
• Sporting activities are available for residents  
 
13 .750 High Reliability 
Political POL • Influx of financial capital within Thabazimbi Town 
• Government supports and promotes small businesses (SMME's) 
Enough exposure is granted to all forms of businesses in Thabazimbi 
13 .912 Excellent Reliability 
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• Economical assets are available for the community to use 
• Thabazimbi is currently an economically stable town  
• Thabazimbi has a potential of being economic vibrant town 
• Production equipment is available for users 
• There are affordable tools/ equipment required to make a living 
• Good technological tools essential  
• Tools and equipment are also available for low-income earners 
• Proper water and sanitation systems available 
• Proper transport networks and telecommunication lines available 




BN • There is a gap between the rich and the poor 
• Proper social facilities are available at Thabazimbi Town i.e. 
hospitals, schools etc 
• Residents are willing to be educated 
• Job opportunities are available for Thabazimbi residents 
• There are bursaries or financial assistance from the government 
• There are awareness programmes available for residents  
• Sporting activities are available for residents. 
• Production equipment is available for users 
• There are affordable tools/equipment required to make a living 
• Good technological tools essential for the pursuit of any livelihood  
• Tools and equipment are also available for low-income earners 
• Proper water and sanitation systems available 
• Proper transport networks and telecommunication lines available 
• There is proper maintenance of physical infrastructures 
 
14 .846 High Reliability 
Source: Author’s Construct (2020) 
The above outcomes of the reliability test show a gradation of high reliability. This grants an allowance for proceeding with the analysis 
of the data collected in the field with the identified study constructs stated in Chapter Three and the Literature Review. Below is the 
detailed analysis for Objective 1 to Objective 3.
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iii. Pattern matching 
According to Sinkovics (2018) pattern matching always involves an attempt to link two 
patterns where one is a theoretical pattern (literature review) and the other is an observed or 
operational one (research findings). Pattern matching implies that more complex patterns, if 
matched, yield greater validity for the theory (Sinkovics, 2018). A theory postulates a structural 
relationship between key constructs. For this research, the key constructs are defined in the 
literature review as study constructs. Therefore, the idea of pattern matching was used as a 
rubric for assessing construct validity (Trochim, 1985).  
For this research, pattern matching was used to link the relationship between two factors by 
matching an observed pattern which are the measured values from data analysis and 
presentation with an expected pattern of literature study constructs. This was done to determine 
if there is a confirmation or disconfirmation between the two patterns. 
iv. Multiple Regression Analysis (MRA) 
 Campbell and Campbell (2008) define regression as a statistical technique to determine the 
linear relationship between two or more variables utilized mainly for prediction and inference. 
Multiple Regression Analysis (MRA) was conducted to assess the relationship between 
dependent unemployment/lack of education challenge, political challenge and basic needs 
challenge with the independent variables which are the Sustainable Livelihood Capitals. 
Uyanık and Güler (2013) stated that MRA computes the beta (β) co-efficient which shows the 
direction of the relationship between the dependent and the independent variables, the positive 
and the negative relationship depends on the outcome of the beta (β) value. 
According to Uyanık and Güler (2013) there is a cause and effect relationship between the 
characteristics and the study constructs, wherein the mentioned characteristics are dependent 
variables (effects) and the study constructs are independent variables (cause). Henceforth, the 
Multiple Regression Analysis formula was used three times to determine the cause and effect 
relationship regarding a) unemployment/lack of education challenge, b) political challenge, c) 
basic needs challenges with reference to the following table describing each dependent variable 
arising from the independent variables in Table 3 above for the completion of the MRA.
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Lack of Education 
UNL Human Capital 
 
8 o Enough indigenous human resource 
o Thabazimbi's human resource from 
other municipalities 
o Equal shared knowledge and skills 
amongst residents 
o Residents are willing to gain 
knowledge and experience 
o Residents are willing to work to 
sustain themselves 
o Good recognition and empowerment 




6 o There is a gap between the rich and 
the poor 
o Proper social facilities are available 
at Thabazimbi Town 
o Residents are willing to be educated 
o Job opportunities are available for 
Thabazimbi residents 
o There are bursaries or financial 
assistance from the government 
o There are awareness programmes 
available for residents  
o Sporting activities are available for 
residents  
 
Political POL Financial 
Capital 
 
8 o Influx of financial capital within 
Thabazimbi Town 
o Government supports and promotes 
small businesses (SMMEs)  
o Adequate exposure is granted to all 
forms of businesses at Thabazimbi 
o Economic assets are available for the 
community to use 
o Thabazimbi is currently an 
economically stable town  
Thabazimbi has a potential of being 
economic vibrant town 
Physical 
Capital 
10 o Production equipment is available to 
users 
o There are affordable tools/ 
equipment required to make a living 
o Good technological tools essential  
o Tools and equipment are also 
available for the low-income earners 
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o Proper water and sanitation systems 
available 
o Proper transport networks and 
telecommunication lines available 





6 o There is a gap between the rich and the 
poor 
o Proper social facilities are available at 
Thabazimbi Town i.e. hospitals, schools 
etc 
o Residents are willing to be educated 
o Job opportunities are available for 
Thabazimbi residents 
o There are bursaries or financial assistance 
from the government 
o There are awareness programmes 
available for residents  






o Production equipment is available for 
users 
o There are affordable tools/ equipment 
required to make a living 
o Good technological tools essential for the 
pursuit of any livelihood  
o Tools and equipment are also available 
for the low income earners 
o Proper water and sanitation systems 
available 
o Proper transport networks and 
telecommunication lines available 
o Physical infrastructure is properly 
maintained 
o Opportunity to personalise spaces offered 
by surface materials 
Source: Author’s construct (2020)
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Multiple Regression Analysis model was developed to quantify the relationship between 
Sustainable Livelihood Capitals and unemployment/lack of education challenge using the 
following Formula 
Model 1: Y = β0 + β 1X1 + β2X2 + β 3X3 +E 
Where; Y = Unemployment/lack of education challenges (Social Capital & Human Capital 
variables) 
X1= Natural Capital variable 
X2= Physical Capital variable 
X3= Financial Capital variable 
E= Error component 
 
Multiple Regression Analysis model was developed to quantify the relationship between 
Sustainable Livelihood Capitals and Political challenge using the following Formula 
Model 2: Y = β0 + β 1X1 + β2X2 + β 3X3 + E 
Where; Y = Political Challenges (Financial Capital & Physical Capital) 
X1= Social Capital variable 
X2= Natural Capital variable 
X3= Human Capital variable 
E= Error component 
 
Multiple Regression Analysis model was developed to quantify the relationship between 
Sustainable Livelihood Capitals and Basic Needs challenge using the following Formula 
Model 3: Y = β0 + β 1X1 + β2X2 + β 3X3 + E 
Where; Y = Basic Needs Challenges (Social Capital & Physical Capital) 
X1= Financial Capital variable 
X2= Natural Capital variable 
X3= Human Capital variable 
E= Error component 
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3.6. ETHICAL CONSIDERATIONS 
Key informants (residents) were given some time to decide whether they wanted to participate in 
the study or not. There were also given sheets explaining the main aim of the study and importance 
of the resident’s participation within the study. Data which was gathered from the study and kept 
confidential in a computer wherein the only person who could access it was the researcher. 




The biggest limitation was the time frame, and the researcher had to learn remote sensing and Arc 
GIS whilst drafting this research thesis together with revisiting (re-learning) the use of SPSS and 
how to manipulate the software in relation to the data findings since the student only used it once 
as an honours student. It was required for the researcher to learn this software since they were 
necessary for the research. The second limitation was the difficulty in acquiring data. For example, 
an analysis of the impact of mining operations on the terrain was supposed to be analysed using 
DEM. However, acquiring data within the desired years was not possible. In addition, remote 
sensing was a solution since it was difficult to attain data from mining operation fields and 
agricultural fields. Most farmers were not accommodative, in fact they were very hostile. 
3.7.2. Language 
It was difficult for other residents to respond to the questionnaires as the language used in this 
study was town planning jargon and most respondents at Thabazimbi Municipality are not used to 
such. Thus, the researcher administered some of the questionnaires where respondents found it 
difficult to respond. The researcher had to give relevant explanations when needed. 
3.8. Chapter Summary 
Chapter Three discussed several techniques of data acquired for this study, together with the tools 
or instruments used for analysing the data. It also outlined how data was presented according to 
the research results guided by the research questions articulated in Chapter One. The chapter 
furthermore elaborated on different ways in which the research instruments were applied and how 
they contributed in accomplishing the main objectives of the research. 
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4. CHAPTER 4: DATA PRESENTATION AND ANALYSIS 
 
4.1. Introduction 
Chapter 4 contains the analysis and the presentation of the data acquired from Thabazimbi Local 
Municipality. The analysis was completed utilizing instruments drafted/ described from the data 
methods. Analysis was conducted to achieve the main objective of the study which is to provide 
strategies for Thabazimbi to become an ecosystem service-based town through a Sustainable 
Livelihood Framework. The analysis was conducted in line with the 4 aspects that make up 
ecosystem services (Provisional Services, Regulatory Services, Cultural Services and Supporting 
Services) together with the 5 capitals of Sustainable Livelihoods Approach (Natural Capital, 
Human Capital, Physical Capital, Financial Capital, and Social Capital.  
Moreover, Chapter 4 is also divided into 2 sections, within each section, there are responses based 
on the research questions outlined in Chapter 3. Each research question was derived from and 
made to achieve the research objectives. The research design matrix covered the following aspects: 
section one focused on demographics and general nominal data, section 2 focused on the outcomes 
achieved from the questionnaires of the three objectives, such objectives are: 
• To assess the availability and usage of ecosystem services at Thabazimbi 
• To evaluate the challenges faced due to Thabazimbi’s past and present livelihoods  
• To identify the impact of mining on ecosystem the environment. 
4.2. Section 1: Demography 
a) Locality 
Results in the table below shows the total percentages of the responses in various locations within 
Thabazimbi Municipality. For ecosystem services questionnaire, farmers responded from five 
locations, with a percentage value of 26.7% responses Koedoeskop and Marakele, 13.3% 
responses from Leeport and Northam and 20% responses from Thabazimbi. In addition to 
sustainable livelihood questionnaire, residents responded in three locations with percentage values 
of 25% responses from Northam town, 37.5% responses from Regorogile township and 37.5% 
from Thabazimbi town.  
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Table 10: Locality Table 
LOCALITY 
Ecosystem Services respondents  Sustainable Livelihood Respondents 
Koedoeskop 26.7 % Northam 25.0 % 
Leeuport 13.3 % Regorogile 37.5 % 
Marakele 26.7 % Thabazimbi 37.5 % 
Northam 13.3 % Total 100.0 % 
Thabazimbi 20.0 %   
Total 100.0 %   
Source: Author’s Construct (2020) 
 
b) Gender 
The gender percentage of ecosystem services questionnaire farmer’s responses depicted There 
were 60% female and 40% male farmer respondents. This was accompanied by gender percentage 
of’ responses depicted There were 31.3% female and 68.8% male for sustainable livelihood 
residents’ respondents as illustrated in the table below. 
Table 11: Gender of respondents 
GENDER 
Ecosystem Services respondents  Sustainable Livelihood Respondents 
Female 60.0 Female 31.3 
Male 40.0 Male 68.8 
Total 100.0 Total 100.0 
Source: Author’s Construct (2020) 
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c) Age 
In terms of ecosystem services responses, farmers from different age groups were approached. 
However, some could not fill in the questionnaire or complete the questionnaire which led to 
46.7% of responses in the age group between 20-30, then 20% of responses from people in the age 
group of 30-40, followed by 13.3% of responses from the age group of 40-50. The responses in 
this range are considered essential since they are from the elderly who have seen most of the 
transformations within the ecosystem and are knowledgeable about ecosystem services in the 
municipality. This is shown graphically by the pie chart below. 
 
 
Figure 23: Pie chart illustrating responses from different age groups.  
Source: Author’s Construct (2020) 
For the sustainable livelihood residents of different age groups were approached and each age 
group answered according to their experiences.  The inputs from different age groups are 
authenticity since they reflect different experiences. However, some could not fill in the 
questionnaire or complete the questionnaire which led to 56.3% of responses in the age group 
between 20-30, 18.8% of responses from people in the age group of 30-40, followed by 12.5% of 
responses from the age group of 40-50 and 6.3% of responses within the ages of 50 and above. 
This is shown graphically by the pie chart below. 
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Figure 24: Pie chart illustrating responses from different age groups.  
Source: Author’s Construct (2020) 
 
4.2.1. Vulnerability Context: Challenges faced by Thabazimbi’s residents 
 
Challenges were analyzed in accordance with the Vulnerability Context adopted from the 
sustainable livelihood framework by (Scoones 1998). In livelihoods experiences, threats changes 
in seasonality, shocks or critical trends within the society may get out of their control. Thabazimbi 
has challenges in critical trends such as the changes in population, changes in policies, for an 
example, a change from ordinances to SPLUMA by-laws within the Thabazimbi town planning 
scheme. Results also showed critical trends in the degree to which people drop out of school and 
alcohol abuse. There is also a trend in the high rate of unemployment. 
Results showed that most Thabazimbi residents are not educationally equipped and are 
demoralized by their surroundings. Most of the older people are not educated and this prevents 
them from motivating their children to focus on school. High unemployment within the 
municipality also demotivates young people from pursuing education. Young with certificates are 
unemployed and this leads to some students dropping out of school because they see no hope in 
education and they opt for self-employment instead. Since most Thabazimbi residents are not 
educated, the available professional jobs end up being occupied by people from other 
municipalities. 
79 | P a g e  
 
This results in high unemployment among Thabazimbi residents which leads to stress and 
substance abuse. Most residents, young and old abuse alcohol because they have lost hope of 
getting employment. The table below shows residents views about their challenges: 
Table 12: How residents respond to challenges at Thabazimbi 
How residents responded to challenges? 
As they are not educated they rely on the government for assistance 
By striking was although they were not taken seriously. 
Helpless 
Most of them have lost hope 
Opening car wash, renting out home 
They felt powerless 
They resort to alcohol abuse 
They became poorer since they also lost their jobs 
They are reckless with their lives 
They view government officials as liars who do not deserve respect  
They are poor and do not own land  
Prostitution is rife due to poverty 
They anxious and agitated 
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Figure 25: Word Cloud indicating response mechanisms from the biggest contributor to the least. 
Source: Author’s Construct (2020) 
The socially situation within Thabazimbi is dire. Some residents have lost hope in their leaders, 
some have relocated, and others are in debt. Respondents also indicated that they do not have 
enough to eat. Others said that political leaders would demand sex in exchange for employment 
opportunities. This abuse of office by some officials leads to hopelessness and helplessness among 
residents. Some respondents also stated that there are many other forms of corruption practiced by 
government officials.  
 
Thabazimbi also experienced a huge shock, or a seasonality of economic decline when Kumba 
iron ore mine closed. Most people lost their jobs and the community lost its source of support. The 
closing down of Kumba iron ore mine led to negative consequences since the mine had been the 
major employer in town. The mine had also provided social facilities and community programs. 
Respondents pointed out that since the closure of the mine, the municipality has been failing to 
provide adequate water, other services and a failure to maintain infrastructure. 
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4.3. Section 2: Contextual Analysis  
Section 2 comprises the analysis set for each objective as outlined in Chapter Three. Two analysis 
techniques were utilized for the completeness of the study, and the techniques were divided 
amongst the three objectives. For Objective 1 (Assessing the availability and usage of ecosystem 
services in Thabazimbi) and Objective 2 (Evaluating the challenges faced by Thabazimbi’s 
residents in their past and present livelihoods), the researcher utilized the SPSS. For Objective 3 
(Identifying the impact of mining on ecosystem services), the researcher utilized Remote Sensing 
and GIS because of the inability to reach the mines and farms.  
4.3.1. Assessment of availability and usage of ecosystem services at Thabazimbi 
Compared means analysis was conducted based on the three (3) ecosystem services that directly 
benefit people in areas that fall under Thabazimbi Local Municipality. The base of the compared 
means analysis is as follows:   
o Availability of Provisional Ecosystem Service variables from three (3) study constructs 
o Availability of Regulatory Ecosystem Service variables from three (3) study constructs 
o Availability of Cultural Ecosystem Service variables from three (3) study constructs 
4.3.1.1. Overall availability of ecosystem services from the generic table 
Table 13 illustrates a generic table summarizing the availability of ecosystem services within 
Thabazimbi using the variables formulated for each study construct. The means report was used 
to identify the availability where each service is satisfied in the study area. 
A total of 15 responses were obtained. Four (4) respondents were from Koedoeskop, 2 from 
Leeuport, 4 from Marakele, 2 from Northam and 3 were from Thabazimbi. The table shows that 
the availability of services is fair, and the average values are not far apart. With a total of (X̅= 
3.6333), Leeuport has the highest availability of Provisional Ecosystem services compared to other 
areas. Unfortunately, other two direct services seem to have a lower availability of services within 
the municipality by mean averages that are less than (3.0). 
Regulatory ecosystem services have a total of (X̅= 2.9852) out of the whole municipality. It is 
possible for the natural system to find difficulties in regulatory processes because of too many 
mining activities since Thabazimbi is one of the mining towns in Limpopo. Moreover, Thabazimbi 
town has the highest regulatory ecosystem services by a total of (X̅= 3.3704) compared to other 
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areas. In terms of Cultural Ecosystem services, the overall total is (X̅=2.7524). Thabazimbi has a 
lot of culture diversity because most people are from other municipalities. However, in terms of 
recreation purposes and relaxation with an average value of (X̅= 3.1429), the highest availability 





Table 13: Mean and standard deviation for the overall availability of ecosystem service study constructs within Thabazimbi Local 
Municipality 
Report 
Locality: Township Name, Farm Name PROV_ESS REG_ESS CUL_ESS 
Koedoeskop Mean 2.5050 3.1667 2.4286 
Std. Deviation 1.03401 1.05945 1.03674 
Leeuport Mean 3.6333 3.0000 2.7857 
Std. Deviation .84853 .00000 .30305 
Marakele Mean 3.2500 3.0000 3.1429 
Std. Deviation .95743 .81650 .86504 
Northam Mean 3.4000 2.5833 2.8571 
Std. Deviation .84853 1.17851 1.21218 
Thabazimbi Mean 3.6000 3.3704 2.5714 
Std. Deviation 1.51767 1.51671 1.24540 
Total Mean 3.2000 2.9852 2.7524 
N 15 15 15 
Std. Deviation 1.02817 .94549 .89779 
Source: Author’s Construct (2020) 
 
  
High Mean Score 
Low Mean Score 
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4.3.1.2. Analysis Per Study Construct of Ecosystem Services 
The section covers an analysis of each study construct used to show how each construct applies to 
the availability of services to residents. This was done to determine the variable that measures 
availability of services and identifying the variable that was lacking at a particular area within the 
municipality. The researcher measured each variable that make up each study construct and 
compared the lowest scores with the highest. 
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a) Availability of Provisional Ecosystem Service variables 
The measure of Provisional Ecosystem Services available in all areas for the benefit of resident’s interest is generally good. This is 




Table 14: General availability of Provisional Ecosystem Service variables 
Report 












Koedoeskop Mean 3.50 4.50 4.00 4.00 2.25 4.00 4.00 4.25 2.25 2.00 
S.D 1.732 1.500 1.500 1.826 1.893 .816 1.291 1.500 1.893 1.414 
Leeuport Mean 3.50 4.00 4.00 4.00 3.00 4.00 4.00 2.50 3.67 2.50 
S.D .707 1.414 1.414 1.414 1.414 1.414 1.414 .707 .707 .707 
Marakele Mean 3.50 3.00 3.00 3.50 4.00 3.50 3.25 4.25 3.50 3.00 
S.D 1.155 1.155 1.155 1.000 .957 1.000 .957 1.000 1.000 1.155 
Northam Mean 3.00 3.25 2.25 4.00 3.25 2.50 3.00 2.50 2.50 2.50 
S.D .707 .707 .000 .000 .000 2.121 .000 2.121 2.121 2.121 
 
  
High Mean Score 
Low Mean Score 
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Thabazimbi Mean 3.33 4.00 4.00 3.00 4.00 3.33 4.00 3.33 3.67 2.67 
S.D 1.528 1.732 1.732 1.732 1.732 1.528 1.732 1.528 1.528 2.082 
Total Mean 3.33 3.60 3.27 3.60 3.33 3.00 3.40 2.87 3.07 2.53 
N 15 15 15 15 15 15 15 15 15 15 
S.D 1.175 1.298 1.387 1.298 1.447 1.309 1.242 1.302 1.438 1.356 
Source: Author’s Construct (2020) 
Table 14 shows the highest score of the availability of wild fruits is in Koedoeskop, Leeuport and Marakele with the average of (X̅=3.50). 
The highest score in terms of the availability of cotton is Koedoeskop with an average score of (X̅=4.50). Availability of Sunflower is 
prominent in Koedoeskop, Leeuport and Thabazimbi by a value of (X̅=4.00). According to the results attained from the table above, the 
highest availability of crops is at Koedoeskop, Leeuport and Northam by a value of (X̅=4.00). Availability of game food is prominent 
in Thabazimbi and Marakele by a value of (X̅=4.00). The highest score of the availability of fuel/wood is Koedoeskop, Leeuport and 
Thabazimbi with an average of (X̅=4.00). The areas with the highest score in terms of the availability of hay are Koedoeskop, Leeuport, 
Thabazimbi with an average score of (X̅=4.00). Availability of medicinal and cosmetic plants is prominent at Koedoeskop, Marakele 
by a value of (X̅=4.25). According to the results shown in the table above, the highest availability of livestock is in Leeuport and 
Thabazimbi by a value of (X̅=3.67). Availability of freshwater is prominent at Thabazimbi by a value of (X̅=2.67). 
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Figure 26: Bar Graph showing the location of the highest availability of Provisional Services.  
Source: Author’s Construct (2020) 
The bar graph represents the total average of available Provisional Services using one of the 
measurements of central tendency which is the total mean of the particular provisional ecosystem 
variable. Thabazimbi has a high mean average of cotton and crops of (X̅=3.60), the average of hay 
is also prominent (X̅=3.40) and wild fruits is (X̅=3.33). The least available resource is fresh water 
by an average of (X̅=2.53). Thabazimbi has problems with freshwater and currently residents are 
unable to drink tap water from due to pollution from non-maintenance of pipes and chemicals from 
underground mining operations. 
b) Availability of Regulatory Ecosystem Service variables 
The measure of Regulatory Ecosystem Services available in all areas for the benefit of residents’ 
interest is generally good. This is shown in the table below that includes all the variables used for 






High Mean Score Low   
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Table 15: General availability of Regulatory Ecosystem Service variables 
Source: Author’s Construct (2020)
Report 
Locality: Township 
Name, Farm Name 
Soil 
Retention 














Koedoeskop Mean 4.00 4.00 2.25 3.33 1.25 1.75 3.67 2.75 3.00 
S.D 1.893 1.500 .957 1.414 .500 .500 1.708 1.258 1.826 
Leeuport Mean 3.50 3.67 3.50 2.50 2.50 2.00 2.00 3.50 3.50 
S.D .707 1.414 .707 .707 .707 1.414 1.414 .707 .707 
Marakele Mean 3.25 4.00 3.50 2.75 3.25 2.75 3.25 2.75 3.50 
S.D .957 .957 .957 .957 .957 .957 .957 .957 1.291 
Northam Mean 3.75 3.25 2.75 2.50 3.50 3.50 2.50 2.50 2.50 
S.D .000 .000 .707 2.121 .707 .707 2.121 2.121 2.121 
Thabazimbi Mean 3.67 3.67 3.33 2.00 3.33 3.33 3.25 3.33 2.67 
S.D 1.528 1.528 1.528 1.528 1.528 1.528 1.528 1.528 2.082 
Total Mean 3.60 3.40 2.93 2.60 2.67 2.60 3.07 2.93 3.07 
N 15 15 15 15 15 15 15 15 15 
S.D 1.183 1.183 1.033 1.242 1.234 1.121 1.387 1.163 1.486 
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Availability of Waste treatment is prominent in Thabazimbi by a value of (X̅=4.00). Table 15 
shows Koedoeskop with the average of (X̅=4.00) as having the highest score on the availability of 
soil retention and erosion control. The highest score in terms of the availability of pollination for 
useful plants is Koedoeskop and Marakele with an average score of (X̅=4.00). Availability of 
climate regulation is prominent in Leeuport, and Marakele by a value of (X̅=3.50). The table results 
show that the highest availability of soil purification is at Koedoeskop with a value of (X̅=3.33). 
With an average of (X̅=3.50) Northam has the highest score of the availability of waste 
purification. Koedoeskop has the highest score in terms of the availability of pest prevention with 
an average score of (X̅=3.67). The availability of invasive species prevention is prominent at 
Leeuport with a value of (X̅=3.50). The results show the highest availability of air quality is at 
Leeuport and Marakele with a value of (X̅=3.50). 
 
 
Figure 27: Bar Graph showing the location of the highest availability of Regulatory Services.  
Source: Author’s Construct (2020) 
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The bar graph represents the total average availability of Regulatory Services using the 
measurements of central tendency which is the total mean of the particular provisional ecosystem 
variable. Thabazimbi municipality has a lot of soil retention with a mean average of (X̅=3.60) 
because it has a lot of rich fertile soil that allows for water seepage. Then the least available 
resource is soil purification because there is also a problem of soil pollution due to mining 
operations. Mines have many dumping sites around the municipality area. Soil purification and 
water purification is the lowest at an average of (X̅=2.40). 
c) Availability of Cultural Ecosystem Service variables 
The measure of Cultural Ecosystem Services available in all areas for the benefit of residents’ 
interest is generally good. This is shown in the table below including all the variables used for 




High Mean Score Low   
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Table 16: General availability of Cultural Ecosystem Service variables 
Report 
Locality: Township Name, 
Farm Name 











Koedoeskop Mean 3.00 2.25 2.25 2.75 1.75 2.75 2.25 
N 4 4 4 4 4 4 4 
S.D 1.826 1.258 1.500 1.500 1.500 1.500 1.500 
Leeuport Mean 3.50 3.50 3.50 2.00 2.00 2.50 2.50 
N 2 2 2 2 2 2 2 
S.D .707 .707 .707 1.414 1.414 .707 .707 
Marakele Mean 3.25 3.25 3.50 3.25 2.75 3.25 3.00 
N 4 4 4 4 4 4 4 
S.D .957 .957 .957 .957 .957 .957 .816 
Northam Mean 4.00 3.00 3.00 2.50 2.50 2.50 2.50 
N 2 2 2 2 2 2 2 
S.D .000 1.414 1.414 2.121 2.121 2.121 2.121 
Thabazimbi Mean 3.00 1.67 2.67 2.67 1.67 2.67 3.67 
N 3 3 3 3 3 3 3 
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S.D 1.732 .577 2.082 2.082 .577 2.082 1.528 
Total Mean 3.27 2.67 2.87 2.73 2.13 2.80 2.80 
N 15 15 15 15 15 15 15 
S.D 1.223 1.113 1.302 1.387 1.187 1.320 1.265 
Source: Author’s Construct (2020) 
Table 16 shows that Northam has the highest score on the availability of recreation is with an average of (X̅=4.00). With an average 
score of (X̅=3.50) Leeuuport has the highest score in terms of the availability of tourism ecotourism. Availability of Aesthetic Landscape 
is prominent at Leeuport, Marakele with a value of (X̅=3.50). With a value of (X̅=3.25) Marakele has the highest availability of education 
interpretation. Availability of Scientific Research is prominent at Marakele with a value of (X̅=2.75). Marakele has the highest score of 
the availability of traditional ecological knowledge with an average of (X̅=3.25). The highest score in terms of the availability of Cultural 
Heritage is Thabazimbi with an average score of (X̅=3.67). This illustrates that there is lack of research being conducted within the study 
area. One could conclude that is why there are no innovative ways initiated for sustainable development.
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Figure 28: Bar Graph showing the location of the highest availability of Cultural Services.  
Source: Author’s Construct (2020) 
The bar graph shows that even though the town has a lot of cultural diversity, the cultural aspect 
that Ecosystem Services provide is not very much prominent within the municipality. Recreation 
has the highest mean average of (X̅=3.27) and the lowest cultural service is scientific research by 
an average of (X̅=2.13). This could be because Thabazimbi is a small town with a high rate in 
school dropouts based on the responses the residents gave. The town is secluded not exposed to 
scientist who would be interested in doing studies. This is disappointing because the town has a 
lot of growth potential and a lot of research potential areas. For example, research could be 
conducted on the policies and frameworks that govern the town, how such frameworks are 
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4.3.2. Evaluating the past and present livelihood challenges at Thabazimbi  
 
The results showed that challenges that residents faced can be narrowed down to three dependent 
variables: Therefore, Multiple Regression Analysis evaluated the cause and effect relationship 
between the dependent effects of unemployment/lack of education, political, and basic needs with 
the independent study constructs or causes that are the Sustainable Livelihood Approach capitals. 
This was done to explain how specific challenges (dependent variables) affect the study construct 
(SLA Capitals) also determinining which study construct (SLA Capitals) can be focused on for the 
improvement of others.  The trend of the relationship between the dependent and the independent 
variables is shown when MRA calculates the beta (β) co-efficient by its outcome of either a 
positive or negative relationship. Regression analysis is used to aid in this regard by considering 
the livelihoods assets and how each capital links with the others. 
a) Unemployment/lack of education challenges 
 






t Sig. Collinearity 
Statistics 
B Std. Error Beta Tolerance VIF 
1 (Constant) 1.340 .629  2.129 .055   
Phy_Cap .242 .183 
 
.381 1.320 .211 .632 1.582 
Eco_Cap .063 .202 
 
.078 .310 .762 .840 1.190 
Nat_Cap .206 .222 
 
.261 .930 .371 .670 1.494 
a. Dependent Variable: Unemployment/Lack of Education 
Source: Author’s Construct (2020) 
Results from the coefficients Table 7 shows results in relation to the multiple independent variables 
used within this section. The Beta weights differentiates the relative importance of each 
independent variable with the stated challenge at standardized terms. It is evident that PHY_CAP 
(beta=.381) has a much higher importance than ECO_CAP (beta=.078) and NAT_CAP 
(beta=.261). Thus, Physical Capital is the independent study construct that can be considered to 
94 | P a g e  
 
improve the status quo of unemployment and lack of education challenge in Thabazimbi. The 
capitals were checked for significance levels. The table shows that there is no significance for each 
of the individual variables have a non-significant intercept. All of the p values are more than 0.5, 
which then leads to an assumption that the variables are all correlated. For verification if the 
variables are correlated, the coefficients table also illustrates or checks for multicollinearity. 
Therefore, results in Table 7 shows that the independent variables used are highly correlated by a 
tolerance value of more than 0.1 together with a VIF of <10.  
This shows that there is no evidence nor suspicion for multicollinearity. Therefore, for every 
Physical Capital used to improve unemployment/lack of education, the reading score increases by 
(0.242) and for every Economic Capital used to improve unemployment/lack of education the 
reading score increases by (0.063). Together with Natural Capital used to improve 
unemployment/lack of education, the reading score increases by (0.206). It can be stated that there 
is no linear relationship between the variables used to conduct the Multiple Regression analysis. 
However, the correlated meaning of the capitals can aid in improving the status quo of the 
unemployment and lack of education challenge. Nevertheless, Physical Capital is going to make 
the most significant change as supported by the beta value of (beta=.381) 
 
Figure 29: Percentages showing the relative importance of each independent variable with the stated challenge at standardized 
terms. 
Source: Author’s Construct (2020) 
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The pie chart above shows results in percentages of the total beta values from the coefficients of 
the unemployment and lack of education challenges. With a value of 52.96%, Physical Capital has 
greater importance relative to unemployment challenges which is likely able to bring 
improvement. Natural Capital comes second with 36.26% and lastly there is Economical Capital 
with 10.78%. 
b) Political Challenge 
 










Beta Tolerance VIF 
1 (Constant) .498 .687  .725 .482   
Soc_Cap .076 .170 .098 .447 .663 .827 1.210 
Hum_Cap .409 .173 .523 2.368 .036 .808 1.238 
Nat_Cap .321 .216 .341 1.484 .164 .745 1.343 
a. Dependent Variable: Political 
Source: Author’s Construct (2020) 
Results from the coefficients table shows results in relation to the multiple independent variables 
used within this section. The Beta weights differentiates the relative importance of each 
independent variable with the stated challenge at standardized terms. It is evident that HUM_CAP 
(beta=.523) has a much higher importance than SOC_CAP (beta=.098) and NAT_CAP 
(beta=.341). Thus, Human Capital is the independent study construct that can be used to improve 
the status quo of political challenge at Thabazimbi. The capitals were checked for significance 
levels, the table shows that Human Capital has a significance of (p=.036). Since it is less than 0.05, 
it can be assumed that other variables are correlated with the political dependent study construct 
with the exception of the Human Capital. This significance shows that political challenge has a 
linear relationship with the human capital study construct. 
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The coefficients table also illustrates or checks for multicollinearity. Thus, results in Table 10 show 
that the independent variables are correlated by a tolerance value of more than 0.1 together with a 
VIF of <10. This shows that there is no evidence nor suspicion for multicollinearity. Therefore, 
for every Social Capital used to improve political challenges, the reading score increases by (0.76). 
When Human Capital is used to improve political challenges, the reading score increases by 
(0.409). When Natural Capital is used to improve political challenges, the reading score increases 
by (0.321). Each of the capitals can aid in improving the status quo of the political challenges but 
Human Capital makes the most significant change as supported by the beta value of (beta=.523).  
 
Figure 30: Percentages showing the relative importance of each independent variable with the stated challenge at standardized 
terms. 
Source: Author’s Construct (2020) 
The pie chart above shows results in percentages of the total beta values from the coefficients of 
political challenges. With a value of 54.37%, Human Capital has greater importance and is likely 
able to bring improvement in political challenges. Natural Capital comes second with 35.48% and 
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c) Basic Needs Challenges 
 






t Sig. Collinearity 
Statistics 
B Std. Error Beta Tolerance VIF 
1 (Constant) .622 .701  .887 .392   
Eco_Cap .177 .208 .194 .851 .411 .888 1.127 
Hum_Cap .147 .172 .197 .854 .410 .865 1.156 
Nat_Cap .427 .211 .479 2.022 .042 .824 1.214 
a. Dependent Variable: Basic Needs 
Source: Author’s Construct (2020) 
The coefficients table shows results in relation to the multiple independent variables used within 
this section. The Beta weights differentiate the relative importance of each independent variable 
with the stated challenge at standardized terms. It is evident that NAT_CAP (beta=.479) has a 
much higher impact than ECO_CAP (beta=.194) and HUM_CAP (beta=.197). Thus, Natural 
Capital should be prioritized in improving the status quo of basic needs challenges in Thabazimbi. 
The capitals were checked for significance levels and the table shows that Natural Capital has a 
significance of (p=.042). Since this is less than 0.05, it can be assumed that other variables are 
correlated with the basic needs dependent study construct except for the Natural Capital. This 
significance shows that the basic needs challenge has a linear relationship with the Natural Capital 
study construct. 
The coefficients table also illustrates or checks for multicollinearity. Thus, results in Table 10 show 
that the independent variables used are correlated by a tolerance value of more than 0.1 together 
with a VIF of <10. This shows that there is no evidence nor suspicion for multicollinearity. 
Therefore, for every Economical Capital used to improve basic need challenges, the reading score 
increases by (0.177). When Human Capital is used to improve basic need challenges, the reading 
score increases by (0.147). When Natural Capital is used to improve basic need challenges, the 
reading score increases by (0.427). Each of the capitals can aid in improving the status quo of the 
basic needs challenges but Natural Capital makes the most significant change as supported by the 
beta value of (beta=.479). 
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Figure 31: Percentages showing the relative importance of each independent variable with the stated challenge at standardized 
terms. 
Source: Author’s Construct (2020) 
The pie chart above shows results in percentages of the total beta values from the coefficients of 
basic needs challenges. With a value of 55.01%, Natural Capital has the great importance and is 
likely to bring improvement in basic needs challenges. Human Capital comes second with 22.68% 
and then Economic Capital with 22.31%. 
 
4.3.3. Identifying the impact of mining on the Environment  
4.3.3.1. Mining Expansion 
For each Landsat image, the average acreage of the mines emergence, growth and expansion was 
calculated from (1984-2019) at the original spatial resolution of Landsat sensors of 30m. Such 
statistical data is shown below in Figure 3. The figure shows the great mineral potential within the 
area that causes a lot of mines to start operating within the same area. The graphical illustration is 
explained by the table showing the total number in percentage and the average area from 1984 to 
2019. 













Table 20 below illustrates the total number in percentages of the mines that were available within 
different years. In 1984 all the mines had a total area of 8.64%. In 1990, the area had expanded to 
a total of 11.8% and Northam Zonderainde mine emerged within this time. By the year 2000, mines 
had a total of 17,47%. It was at this time that the Amandulbult mine town and Mamba cement 
mine emerged. Kumba Iron Ore also expanded by an area average of 18.429889 and Rhino Imerys 
mine expanded by an area average of 6.136959.  
By the year 2010, the existing mines had a total acreage of 27.54%. Kumba Iron Ore expanded 
drastically within this time by an average of 26.427934, Rhino Imerys too expanded by an average 
of 13.458614. Amandulbult Mine Town also expanded by an average of 17.385717. Dishaba and 
Tumela mine and the rest of the mines kept a constant phase. In the year 2019 no new mines 
emerged. Previous mines that expanded kept their average numbers at a constant phase. However, 
two mines expanded. Dishaba mine expanded by an average of 19.055716 and Leeupoort Quarry 
by an average of 9.980724. Significantly, Kumba Iron Ore and Rooiberg Tin Fields closed within 
this period. 
 





Kumba Iron Ore Mine Thabazimbi






1984 1990 2000 2010 2019 % Total Average
Figure 32: Graph showing mines’ expansion within the area.  
Source: Author’s Construct (2020) 
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Table 20: Total area of mine expansions at Thabazimbi showing the change in time. 
Column1 1984 1990 2000 2010 2019 % Total Average 
Name area area area area area 0.00% #DIV/0! 
Rooiberg Tin 
Fields 
7.891036 7.891036 7.891036 7.891036 7.891036 12.77% 7.891036 
Dishaba mine  5.068831 5.068831 5.068831 5.068831 19.055716 12.73% 7.866208 




0.846793 0.846793 18.429889 26.427934 26.427934 23.62% 14.5958686 
Imerys Rhino 
Minerals Mine 
2.659069 6.136959 6.136959 13.458614 13.458614 13.55% 8.370043 
Leeupoort 
Quarry 
2.395621 2.395621 2.395621 2.395621 9.980724 6.33% 3.9126416 
Northam Plantinum 
Zondereinde  








0.255692 0.255692 2.202165 0.88% 0.90451633 
Average 4.451149 4.936231 5.9982742 9.45531356 12.0684759 
  
% Total 8.64% 11.18% 17.47% 27.54% 35.16% 
  
Source: Author’s Construct (2020) 
 
4.3.3.2. Impact of Mining on Vegetation Production (NDVI) 
Results indicate that the Normalized Difference Vegetation Index shows that land use (mining) 
increased from 1984 to 2019. Thus, this increase in the expansion/growth of mines poses a bad 
threat to the natural vegetation around the vicinity of the mining operations. This shows that a 
tremendous amount in loss of vegetation cover is increasing.  
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NDVI is usually explained within the range of -1 to 1, negative values represent water, values 
around zero represent bare soil and values over 6 represent dense green vegetation. Since the 
impact of mining on vegetation were explained through tables, the NDVI images below show the 
range in different indices within the municipality’s jurisdiction. The NDVI of 1984 shows that the 
highest index is 0.294118 showing that the vegetation cover was still rich within the locality, the 
lowest is -0.172414. In 1990 the NDVI shows that the highest value is 0.272727 and the lowest is 
-0.181818. In the year 2000, the NDVI shows that the highest value is 0.274131 and lowest is -
0.225225. In the year 2010, the NDVI shows that the highest value is 1 and the lowest is -1. In the 
year 2019, the NDVI shows that the highest value is 0.131634 and the lowest is -0.0824368. This 
shows that the area’s vegetation cover is depleted. The NDVI results show that there is a huge loss 
of vegetation within a 10-year interval. At the rate at which the vegetation being lost, the land will 
be completely bare very soon. However, results show that there is an adequate amount of water 
available within the area although it has drastically reduced since 1984. 
4.3.3.3 Drivers of the change in the NDVI  
The climatic records from 1984 to 2019 obtained from the Waterberg weather services indicate 
drying and warming trends within Thabazimbi. The natural ecosystem changed and the vegetation 
became more of shrubs and thornvelds and currently is characterized as a Savannah Biome stated 
in the spatial development framework of Thabazimbi (2014). The change in the NDVI was due to 
expansions of mining operations, increase in population, and an increase in pollution. The entire 
municipal area was earmarked as an Air Pollution Hot Spot in the Waterberg District EMF (2010). 
Sources of pollution within TLM specifically include vehicle emissions along major roads, crop 
farming, and veld fires particularly during winter, as well as Thabazimbi Mines. In addition, TLM 
experienced a 30.1% increase in population growth between 2001 and 2011(Census 2011). Based 
on natural growth, it was projected that the population would grow from 85 705 in 2011 to 90 076 
in 2015, 94 670 in 2020 and 99 498 in 2025. -Urban nodes: 1% growth per year, Informal 
Settlements: 1.5% growth per year, Farms: A decline by 0.5% per year” (TLM SDF, 2014). It is 
inevitable for the vegetation index to change because of the amount of human activities within the 
municipality. 
















Figure 33: 1984 NDVI Image.  
Source: Author’s Construct (2020) 
Figure 34: 1990 NDVI Image.  
Source: Author’s Construct (2020) 
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Figure 35: 2000 NDVI Image. 
 Source: Author’s Construct (2020) 
 
Figure 36: 2010 NDVI Image.  
Source: Author’s Construct (2020) 
Figure 37: 2019 NDVI Image. 
 Source: Author’s Construct (2020) 
 
 
Figure 38: 2019 NDVI Image. 
 Source: Report Author 
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4.3.4. Summary and Conclusions Based on the Municipal Officials’ Responses 
Based on the responses given by municipal officials, there are programs that the municipality runs 
to uplift the community. For instance, the Local Economic Development division has many 
initiatives of supporting SMMEs. Currently, there is an event called Thabazimbi Sunday Cookout 
which is held at the Tourism Center twice a month wherein local food is cooked by local small 
business owners and people come buy it. There is also an awareness where residents are taken to 
Marakele National Park where several organizations teach people how to start businesses, where 
and how to apply for funds and equipment.   
Residents are also educated about different tourist’s sites around Thabazimbi. This was set up after 
the realization that most tourist are not adequately publicized.  There are also numerous potential 
sites that can boost the tourist domestic economy. These include caves of the first mine in 
Thabazimbi that still has tools that were used for mining many years ago. Such sites hold the 
history of Thabazimbi and how the town came into existence. Furthermore, there are sites for zip 
lining and motor bike riding. However, municipal officials need financial support from the 
provincial and national the government to revitalize the area and attract private investors. The 
biggest request from the officials is for appointed officials to be respected by councilors in decision 
making. Plans fail when councilors and municipal officials do not cooperate. Political involvement 
in development issues and service delivery affects both residents and officials. At Thabazimbi 
most of the land is privately owned. The municipality does not own a lot of land which in turn 
makes it difficult for the municipality to allocate residential and commercial stands for residents. 
4.4. Chapter Summary 
This chapter presented and analyzed data on how Thabazimbi can become an ecosystem service-
based town through the Sustainable Livelihood Approach. Five capitals of SLA were analyzed 
under Objective 2 to understand Thabazimbi challenges through Multiple Regression Analysis via 
SPSS. Ecosystem Services types were also analyzed to understand the availability and usage of 
ecosystem services. To accomplish this, the Compared Means Analysis was used via SPSS. For 
Objective 1 and 2, tables were used to present information. Demographics also used tables together 
with pie charts to present the collected data. Furthermore, remote sensing was used to collect data 
regarding Objective 3 to understand the impact and expansion of mines in the environment. 
Moreover, Arc GIS was used to analyze remotely sensed data for this objective and the information 
was then presented in the form of maps and tables. 
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5. CHAPTER 5: CONCLUSIONS AND RECOMMENDATIONS 
Chapter 5 draws conclusions based on the results attained from the analysis presented and 
discussed in Chapter 4 above. The analysis was based on the research major objective, linking the 
literature review with major findings to draw patterns and conclusions. This section offers possible 
recommendations to be adopted for further development so that Thabazimbi can achieve the status 
of an ecosystem service-based town through the Sustainable Livelihood Approach discussed in 
Chapter 2.  
5.1. Summary and conclusions based on the specific objectives 
Chapter 4 applied and explained the study construct and how this is used to achieve the main 
objective of the study as identified in Chapter 2. Before the analysis was conducted, collected data 
was subjected to a normality and reliability tests. This was a form of cleaning the data and test the 
variables for reliability. This was also to ensure that data was normally distributed since inferential 
statistics require normally distributed variables. The results were presented through skewness and 
kurtosis. Both independent and dependent study constructs were tested and some of the variables 
were slightly skewed and some were not, showing that there too many high/ less scores from the 
Likert scale used. However, most variables were normal and reliable. . Therefore, all the variables 
used in Chapter 4 produced accurate results. 
5.1.1. Assessing the availability and usage of ecosystem services at Thabazimbi 
The average means of the enlisted study constructs were calculated to determine the level of their 
availability. People can only use something that is already available. The results showed that with 
an aggregated mean score of (X̅= 3.1429) cultural services within municipality are the least 
available construct. Since cultural ecosystem services deal with leisure and recreation, the scarcity 
of this study construct indicates that indeed the availability of Tourism within the area still needs 
to be developed. Thabazimbi has a lot of potential of generating income through tourism. One 
official of the Local Economic Development pointed out the municipality needs the support of the 
provincial and national governments to develop the many tourist sites that are found in this area.  
The highest available study constructs was the provisional service with an aggregated score of (X̅= 
3.6333 Direct ecosystem services and regulatory ecosystem services still need to be enhanced. . 
This can be done by taking into consideration strong sustainability and practicing it. There should 
be a strict compliance of environment land development regulations and strict enforcement of such 
regulations.  
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In general, the research findings showed that Koedoeskop has the highest availability of 
provisional ecosystem services than other areas. Regulatory ecosystem services have a total of (X̅= 
2.9852) out of the whole municipality. The natural system has difficulties in regulatory processes 
because of the numerous mining activities around Thabazimbi. Marakele has the highest regulatory 
ecosystem services with a total of (X̅= 3.3704) compared to other areas. This because Marakele is 
a protected area that is a national park. Cultural ecosystem services have the overall total of 
(X̅=2.7524) in terms of recreation purposes and relaxation. There are many cultural and touristic 
sites within Thabazimbi town. However, most of them are neither fully utilized nor identified. 
5.1.2. Evaluating the past and present livelihood challenges in Thabazimbi 
This objective was analyzed to determine the dependent variables that affect the study construct 
(SLA Capitals) the most. It was also analyzed to decide which study construct (SLA Capitals) 
should be most considered to improve others. This process is known as determining the level of 
significance. Since respondents highlighted challenges related to unemployment/lack of education, 
political challenges, and basic needs challenges; these were treated as dependent study constructs. 
The objective was analysed through multiple regression analysis. Three models in SPSS were 
calculated to understand the cause and effect relationship of study constructs and challenges. This 
objective was identified so that the challenges could be examined in relation to their causes and 
seek for ways of remedying the challenges. 
a) Unemployment/lack of education challenges 
Results for unemployment/ lack of education multiple regression analysis showed that the 
PHY_CAP (beta=.381) has variables that have the most importance relative to the unemployment/ 
lack of education challenge at standardized terms. Physical Capital is the independent study 
construct that can be focused on to improve the status quo of unemployment and lack of education 
challenge in Thabazimbi. This is viable because infrastructure plays an important role in the whole 
function of the municipality. Most roads, sporting facilities, water or services and infrastructure 
are not adequately maintained. A boost in infrastructure and equipment or tools for agricultural 
farming purposes will indeed increase jobs and motivate people to be educated. The capitals were 
checked for significance levels and the table show that there is no significance for each of the 
individual variables has a non-significant intercept because all p values are more than 0.5. This 
suggests that the variables are correlated. Results from the coefficients table also show that all the 
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independent variables are correlated to each other. They show no multicollinearity because they 
show a tolerance value of more than 0.1 together with a VIF of <10. 
  
b) Political Challenges 
Results for political challenge multiple regression analysis showed that HUM_CAP (beta=.523) 
has variables with most importance relative to the political challenge at standardized terms. Human 
Capital is the independent study construct that considered the most to improve the status quo of 
political challenge at Thabazimbi. This is viable because most residents have relevant skills. 
Moreover, the fact that residents are not vulnerable to propaganda will promote accountability and 
transparency. The capitals were checked for significance levels. The table shows that Human 
Capital has a significance of (p=.036) and this is less than 0.05, suggesting that other variables are 
correlated with the political dependent study construct with the exception of the Human Capital. 
This significance showed that political challenge has a linear relationship with the Human Capital 
study construct. 
Results from the coefficients table also show that all independent variables are correlated to each 
other. This shows no multicollinearity because the tolerance value is more than 0.1 together with 
a VIF of <10.  
 
c) Basic Needs Challenges 
Results for political challenge multiple regression analysis showed that NAT_CAP (beta=.479) 
has important variables relative to the political challenge at standardized terms. Natural Capital is 
the independent study construct that should be emphasized to improve the status quo of Basic 
Needs challenges in Thabazimbi.  The Natural Capital can enhance the performance the identified 
sustainable livelihood study construct. The study would have reached its main objective of making 
Thabazimbi an ecosystem service based town when the public come to understand how nature 
provides, regulates and supports the human life and how they can properly utilize services that 
nature provides.  
The capitals were checked for significance levels. The table shows that Natural Capital has a 
significance of (p=.042) and since this is less than 0.05, it can be assumed that other variables are 
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correlated with the basic needs dependent study construct except for the Natural Capital. This 
significance shows that Basic Needs challenge has a linear relationship with the Natural Capital 
study construct. Results from the coefficients table also show that all the independent variables are 
correlated to each other. This shows no multicollinearity because there is a tolerance value of more 
than 0.1 together with a VIF of <10.  
5.1.3. Identifying the impact of mining on the environment 
This objective sought to understand the exact impact of the mining industry on the environment. 
The objectives helped in analyzing how different mines expanded in Thabazimbi, how many 
emerged and how many closed. The Normalized Vegetation Index through the Arc GIS and ENVI 
software was to determine the extent of vegetation loss because of the expansion of mining 
activities. using, with the objective was also to measure the total acreage the mines have taken up. 
For each Landsat image, the average acreage of the mines emergence, growth and expansion was 
calculated from (1984-2019) at the original spatial resolution of Landsat sensors of 30m. 
The graph generated after the analysis of the Arc GIS illustrated great mineral potential within the 
area. Due to the exponential expansion of mining activities, Thabazimbi is even known as a mining 
town. Results showed that mines have been expanding and growing since 1984. There was 
tremendous expansion of mining activities in every of 10-year period since 1984. In1984 mines 
occupied a total area of 8.64% and in 2019 no new mines emerged previous mines that expanded 
in 2010 kept their average numbers at a constant phase 0f 27.54%. This shows that the mining 
industry has grown a lot and it is still expected to expand. 
With regards to the mines impacting the environment and the natural vegetation around it, the 
Normalized Difference Vegetation Index (NDVI) was calculated mainly by overlaying the mining 
boundary on the NDVI image that was processed using the ENVI software. The normalized 
difference vegetation Index shows that land use (mining) increased from 1984 to 2019 which 
explains an increase in the total number of averages seen in the statistical data acquired from NDVI 
images. Thus, this increase in the expansion of mines poses a threat to the natural vegetation around 
the vicinity of the mining operations. A tremendous amount of vegetation cover is being lost  
within every 10-year interval. At the rate at which vegetation is being lost, vast areas around 
Thabazimbi will be bare land. The results also show that although there is still relatively fair 
amount of water available within Thabazimbi, this water has been drastically reducing since 1984. 
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5.2. Research objectives revisited 
The research’s main objective was to utilize the sustainable livelihood approach to achieve an 
ecosystem service-based town at Thabazimbi Local Municipality. The research objectives were 
achieved because the whole research analysis followed the sustainable livelihood framework 
design in determining ways in which Thabazimbi can be an ecosystem service-based town. This 
led to understanding the different dimensions of Thabazimbi’s livelihoods. The framework helped 
in discovering strategies and achieving objectives of the research. Lastly, the framework helped in 
realizing opportunities and constraints of the municipality. The vulnerability context was analyzed 
guided by the framework considering the challenges that strain a town or community be it in a 
form of critical trends, shocks or seasonality.  
Thabazimbi has critical trends related to social challenges. These were summed up under 
unemployment/lack of education, political and basic needs challenges. Multiple regression 
analysis helped in sketching out how livelihoods assets (capitals) link to each other. Emphasis was 
placed on the exact capital that would enhance or improve challenges identified from the 
vulnerability context analysis. GIS models or software was used to analyze the exact destruction 
that mining operations are causing to the Thabazimbi’s plateau through expansion which destroys 
vegetation calculated by the NDVI. This is an incentive for the urgent need of finding ways for 
economic growth that would bring balance to the town rather than for it to be dependent on mining. 
The approach also helped in identifying the availability of ecosystem services at Thabazimbi, that 
would eventually make the town ecosystem service based. It became evident that services to grow 
the town’s economy without over relying on mining are available. The only constraint is that 
residents lack knowledge on how to utilize such ecosystem services. Residents are also given 
limited or no access to such services due to complex municipal policies that make it difficult for 
disadvantaged people to access and make profit out of such services. 
The research objectives were achieved through the above-mentioned analytical tools. Chapter 4 
indicated that Thabazimbi can improve the Tourism and Agricultural sectors and bring a balance 
to the town’s ecosystem by ensuring that the economy not dependent on mining. The research 
findings showed that the Thabazimbi can be an ecosystem serviced based town due to the 
availability of resources. Residents are also keen to be involved in bringing about this economic 
change. 
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5.3. Recommendations 
Research findings show that there is a huge gap between policies that govern the municipality and 
the residents of Thabazimbi Local municipality. This shows a lack of integration and exposes 
divisions within the same departments in the municipality. Significantly, residents are willing to 
uplift themselves and try to create small businesses for self-sustenance. In this regard, they are 
hindered by complex, lengthy and expensive processes. India has succeeded in this through a 
bottom up approach by taking a route of the Government’s way in empowering community 
members by grassroots planning and implementation of indigenous knowledge reduces 
organizational process and complex planning processes when compiling land development 
controls Annamalai et al (2016).  
-Therefore, it is recommended that when the municipality reviews its Land Use By Laws, Land 
Use Scheme and SDF, some laws should be relaxed to cater for disadvantaged people.  Municipal 
departments should have inputs to ensure that policies are properly integrated.  
-Mediation of access to assets (human, natural, physical, social, and financial capital) by 
institutions and social relations to the public should be objective and not politically partisan or 
corrupt because they determine how individual households earn a living.  
- There should be an increase in people’s access to appropriate financial services and insurance. 
There should be programs or awareness that help community members to learn about financial 
management and freedom. This can be achieved by engaging community members in decision 
making teams, allowing them to bring strategies to help themselves together with professionals. 
-More Diagnostic tools including vulnerability mapping by intensifying research on the sensitive 
areas around Thabazimbi. For an example, there is an informal settlement located in an area with 
sink holes called Smasher Block which is occupied by mine workers. This reduces chances of 
social, environmental, and economic shocks that might unfold if they had decided to formalize the 
area without doing geotechnical surveys first which is a thing.  
-More farming systems research should be done to find dynamic ways of improving agriculture in 
the area and provide relevant equipment to increase the agricultural yield throughout the year. 
Additionally, firms and factories that process agricultural produce should be set up in Thabazimbi 
to add value to the goods and by so doing improve people’s livelihoods. 




The biggest limitation was the time frame. The researcher had to learn remote sensing and Arc Gis 
whilst conducting this research. The researcher had also to revisit or re-learn the use of SPSS and 
how to manipulate the software in relation to the data findings. The second limitation was the 
difficulty in acquiring data. For example, an analysis of the impact of mining operations on the 
terrain was supposed to be analyzed using DEM. However, acquiring data within the desired years 
was not possible. Ultimately, the researcher resorted to remote sensing since it was difficult to 
obtain data from mining operation and agricultural fields. Most farmers were not accommodative 
and some were even hostile to the researcher. 
5.4.2. Language 
It was difficult for other residents to respond to the questionnaires since the study used town 
planning jargon. Most respondents within Thabazimbi Municipality are not used to this language. 
Thus, some respondents had difficulties in responding to the questionnaires and failed to give 
relevant explanations. 
5.5. Suggestion for Future Research 
a) More research can be conducted regarding policy implementation in Thabazimbi. This 
should take into account the processes taken when policies are drafted, ensuring that there 
are more inclusive and adhered to by the community and officials.  
b) More farming systems research can be done to finding dynamic ways of improving 
agriculture in the area. This would provide relevant equipment which would increase 
agricultural yield throughout the year. 
c) More research should be done to fully understand the environmental change and damage 
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5.6. Conclusion 
This research showed that it is important to find a balance about human needs in relation to 
ecologically preservation. Economic growth through urbanization, forestry and agriculture need 
relevant knowledge on how to use or access resource in a manner that is environmentally 
sustainable. The study also showed that the way government officials draft and implement policies 
has a bearing on poverty reduction efforts. The study proved that finding ecosystem maintenance 
is required and that it needs knowledge to understand how an environment responds to economic 
shocks and land cover or environmental change. In addition, the study demonstrated that different 
towns, cities or villages have their own growth potential. Therefore, it is up to the community and 
its leaders to identify such strengths in order to economically, socially and environmentally benefit 
themselves. Understanding this enables people to monitor and keep track of development trends 
directing them to their strength. This gives access to critical data needed for sustainable resource 














113 | P a g e  
 
REFERENCES 
Annamalai TR, Devkar G, Mahalingam A, Benjamin S, Rajan SC, Deep A (2016) What is the 
evidence on top-down and bottom-up approaches in improving access to water, sanitation and 
electricity services in low-income or informal settlements? London: EPPI-Centre, Social Science 
Research Unit, UCL Institute of Education, University College London. 
Annis GM, Pearsall DR, Kahl KJ, Washburn EL, May CA, Taylor RF, Cole JB, Ewert DN, Game 
ET., and Doran, PJ., (2017) Designing coastal conservation to deliver ecosystem and human well-
being benefits. PLoS One. 1;2:e0172458 
Anton C, Young J, Harrison PA, Musche M, Bela G, Feld CK, Harrington R, Haslett JR, Pataki 
G, Rounsevell MDA, Skourtus M, Sousa JP, Sykes MT, Tinch R, Vanderwalle M, Watt A., and 
Settele J., (2010) Research needs for incorporating the ecosystem service approach into EU 
biodiversity conservation policy. Biodivers Conserv 19:2979–2994CrossRefGoogle Scholar 
Bahadur, A., Lovell, E., Wilkinson, E., and Tanner, T., (2015). Resilience in the SDGs: developing 
an indicator for Target 1.5 that is fit for purpose. Retrieved from the Overseas Development 
Institute Website: https://www.odi.org/sites/odi.org.uk/files/odi-assets/publications-opinion-
files/9780.pdf 
Berkes, F., Colding, J., and Folke, C., (Eds.). (2003). Navigating social-ecological systems: 
building resilience for complexity and change. United Kingdom: Cambridge University Press. 
Blanchard, O., and Buchs, A., (2015) ‘Clarifying Sustainable Development Concepts Through 
Role-Play’, Simulation & Gaming, 46(6), pp. 697–712. doi: 10.1177/1046878114564508. 
Borowik, Tomasz & Pettorelli, Nathalie & Sönnichsen, Leif & Jędrzejewska, Bogumiła. (2013). 
Normalized difference vegetation index (NDVI) as a predictor of forage availability for ungulates 
in forest and field habitats. European Journal of Wildlife Research. 59. 10.1007/s10344-013-0720-
0. 
Bouwes, N. and Schneider, R., (1979) Procedures in estimating benefits of water quality change. 
Am J Agric Econ 61:535–539CrossRefGoogle Scholar 
Boyd, J and Banzhaf, S. (2007) What are ecosystem services? The need for standardized 
environmental accounting units. Ecol Econ 63:616–626CrossRefGoogle Scholar 
Brand, F. (2009). Critical natural capital revisited: Ecological resilience and sustainable 
development. Ecological Economics, 68, 605–612. 
Burkhard, B., and Müller, F. (2008a) Indicating human-environmental system properties: case 
study Northern Fenno-Scandinavian Reindeer Herding. Ecol Indic 8:828–840CrossRefGoogle 
Scholar 
Burkhard, B. and Müller, F. (2008b) Drivers-pressure-state-impact-response. In: Joergensen SE, 
Fath BD (eds) Ecol indicators, vol [2] of Encyclopedia of ecology, 5 vols. Elsevier, Oxford, pp 
967–970Google Scholar 
Burkhard B, Kroll F, Müller F, and Windhorst, W. (2009) Landscapes’ capacities to provide 
ecosystem services – a concept for land-cover based assessments. Landsc Online 15:1–22Google 
Scholar 
114 | P a g e  
 
Burkhard B, de Groot R, Costanza R, Seppelt R, Jørgensen SE and Potschin, M. (2012) Solutions 
for sustaining natural capital and ecosystem services. Ecol Indic 21:1–6CrossRefGoogle Scholar 
CBD [Convention on Biological Diversity] (2000) Ecosystem approach: further conceptual 
elaboration. SBSTTA 5/11, Montreal. http://www.cbd.int/ecosystem/documents.shtml 
CBD (2009) Convention on Biological Diversity 2009: Connecting Biodiversity and Climate 
Change Mitigation and Adaptation. Report of the Second Ad Hoc Technical Expert Group on 
Biodiversity and Climate Change. CBD Technical Series No. 41. Secretariat of the Convention on 
Biological Diversity, Montreal, Canada. 
CBD (2010) Convention on Biological Diversity 2010: Decision adopted by the Conference of the 
Parties to the Convention on Biological Diversity at its 10th Meeting. X/33. Biodiversity and 
climate change. UNEP/CBD/COP/DEC/X/33.   
Chambers, R. and G. Conway. 1992. Sustainable rural livelihoods: practical concepts for the 21st 
century. IDS discussion paper, 296. Brighton: IDS. 
Chambers, R. (1994). The origins and practice of participatory rural appraisal. World 
Development, 22(7), 953–969. 
Cheng, J. and Luo, Y. (2014). Modeling Atmosphere Composition and Determining Explosibility 
In A Sealed Coal Mine Volume. Archives of Mining Sciences, 59(1), pp.25-40. 
Chetverikova N (2012) Evaluation of the ecosystem services based on the SWAT model – case 
study Kielstau catchment. MS thesis, University of Kiel, Institute of Natural resource Conservation 
Google Scholar 
Chícharo L, Chícharo MA, Ben-Hamadou R (2006) Use of a hydrotechnical infrastructure 
(Alqueva Dam) to regulate planktonic assemblages in the Guadiana estuary: basis for sustainable 
water and ecosystem services management. Estuar Coast Shelf Sci 70(1–2):3–18CrossRefGoogle 
Scholar 
Costanza, R. (2008) Ecosystem services: multiple classification systems are needed. Biol Conserv 
141:350–352CrossRefGoogle Scholar 
Costanza R, d’Arge R, De Groot R, Farber S, Grasso M, Hannon B, Limburg K, Naeem S, O’Neill 
RV, Paruelo J, Raskin RG, Sutton, P and Vandenbelt, M. (1997). ‘The value of the world’s 
ecosystem services and natural capital’, Nature 387:253–260. 
Cowling, R.M., Egoh, B., Knight, A.T., O'Farrell, P.J., Reyers, B., Rouget, M., Roux, D.J., Welz, 
A. and Wilhelm-Rechman, A., 2008. An operational model for mainstreaming ecosystem services 
for implementation. Proceedings of the National Academy of Sciences, 105(28), pp.9483-9488. 
Cormac Cullinan, (2007)., EnAct International & Director of the specialist environmental law firm 
Cullinan & Associates Inc. 
Daily, GC (ed). (1997) Nature’s services: societal dependence on natural ecosystems. Island Press, 
Washington, DC Google Scholar 
115 | P a g e  
 
Daily, GC, Polasky S, Goldstein J, Kareiva PM, Mooney HA, Pejchar L, Ricketts TH, Salzman, J 
and Shallenberger R (2009) Ecosystem services in decision making: time to deliver. Front Ecol 
Environ 7(1):21–28CrossRefGoogle Scholar 
Dale, VH, Polasky S (2007) Measures of the effects of agricultural practices on ecosystem 
services. Ecol Econ 6(4):286–296CrossRefGoogle Scholar 
Dasgupta, S, & T Mitra, (1983) 'Intergenerational Equity and Efficient Allocation of Exhaustible 
Resources'. International Economic Review, 24: 133 
De Groot RS, Wilson MA, Boumans RM (2002) A typology for the classification, description and 
valuation of ecosystem functions, goods and services. Ecol Econ 41:393–408CrossRefGoogle 
Scholar 
De Groot, R., Van der Perk, J., Chiesura, A., van Vliet, A. (2003). Importance and threat as 
determining factors for criticality of natural capital’, Ecological Economics, 44, 187–204. 
De Groot RS, Fisher B, Christie M, Aronson J, Braat L, Haines-Young R, Gowdy J, Maltby E, 
Neuville A, Polasky S, Portela, R and Ring, I. (2010a) Chapter 1: Integrating the ecological and 
economic dimensions in biodiversity and ecosystem service valuation. In: Kumar P (ed) The 
Economics of Ecosystems and Biodiversity (TEEB): ecological and economic foundations. 
Earthscan, London, pp 4–9 Google Scholar 
De Groot RS, Alkemade R, Braat L, Hein L, Willemen L (2010b) Challenges in integrating the 
concept of ecosystem services and values in landscape planning, management and decision 
making. Ecol Complex 7:260–272CrossRefGoogle Scholar 
Department of the Environment, Water, Heritage and the Arts (2009). Ecosystem Services: Key 
Concepts and Applications, Occasional Paper No 1, Department of the Environment, Water, 
Heritage and the Arts, Canberra. 
DFID, D., (2000). Poverty and Development. London: British Government Department for 
International Development. 
Dedeurwaerdere, T. (2014). Sustainability Science for Strong Sustainability. Edward Elgar, 
Northampton.  
Department of Environmental Affairs, Department of Mineral Resources, Chamber of Mines, 
South African Mining and Biodiversity Forum, and South African National Biodiversity Institute. 
2013. Executive Summary of the Mining and Biodiversity Guideline: Mainstreaming biodiversity 
into the mining sector. Pretoria. 12 pages. 
Development_Institute._Retrieved_from:http://www.academia.edu/13047117/Exploring_the_im
plications_of_oil_and_gas_development_for_livelihood_resilience_in_Turkana_Kenya. 
Díaz S, Fargione J, Chapin FS III, Tilman D (2006) Biodiversity loss threatens human well-being. 
PLoS Biol 4(8):e277, http://dx.doi.org/10.1371/journal.pbio.0040277 (online)CrossRefGoogle 
Scholar 
Díaz S, et al (2018) Assessing nature's contributions to people. Science 359:270–
272. https://doi.org/10.1126/science.aap8826 
116 | P a g e  
 
Dong Z, Yan Y, Duan J, Fu, X and Zhou, Q. (2011) Computing payment for ecosystem services 
in watersheds: an analysis of the Middle Route Project of South-to-North Water Diversion in 
China. J Environ Sci 23(12):2005–2012CrossRefGoogle Scholar 
Doyle, MW and Yates, AJ. (2010) Stream ecosystem service markets under no-net-loss regulation. 
Ecol Econ 69:820–827CrossRefGoogle Scholar 
Duffield JW, Neher CJ and Brow, TC. (1992) Recreation benefits of instream flow: application to 
Montana’s Big Hole and Bitterroot Rivers. Water Resour Res 29:2169–2181CrossRefGoogle 
Scholar 
Dunn, R. (2010) Global mapping of ecosystem disservices: the unspoken reality that nature 
sometimes kills us. Biotropica 42(5):555–557CrossRefGoogle Scholar 
Ekins, P. (1993). Making development sustainable. In: Global Ecology: A New Arena of Political 
Conflict. Edited by W. Sachs. London: Zed Books. 91-103. 
Ekins, P., Simon, S., Deutsch, L., Folke, C and De Groot, R. (2003). A framework for the practical 
application of the concepts of critical natural capital and strong sustainability. Ecological 
Economics, 44, 165–185. 
Elmqvist, T., and Maltby, E. (2010) Biodiversity, ecosystems and ecosystem services. In: Kumar 
P (ed) The economics of ecosystems and biodiversity. Earthscan, Washington, DC, pp 41–
111Google Scholar 
Enns, C., and Bersaglio, C. (2015). Exploring the implications of oil and gas development for 
livelihood resilience in Turkana, Kenya. For the PRISE small grant programme of the Overseas 
European Commission (2006) Handbook for trade sustainability impact assessment. 
BrusselsGoogle Scholar 
Fischer J, Lindenmayer DB and Manning AD (2006). ‘Biodiversity, ecosystem function, and 
resilience: ten guiding principles for commodity production landscapes’, Front. Ecol. Environment 
4(2):80–86. accessed 19 May 2008. 
Fisher, J.A., Patendaude, G., Giri, K., Lewis, K., Meir, P., Pinho, P., Roundsevell M., and 
Williams,  M. (2014). 
Folke C, Carpenter S, Walker B, Scheffer M, Elmqvist T, Gunderson L and Holling, CS. (2004). 
‘Regime shifts, resilience, and biodiversity in ecosystem management’, Annual Review of Ecology, 
Evolution and Systematics 35:557–581. 
Fu B, Liu Y, Lu Y, Chansheng H, Zeng Y., and Bingfang, W. (2011) Assessing the soil erosion 
control service of ecosystems change in the Loess Plateau of China. Ecol Complex 8:284–
293CrossRefGoogle Scholar 
Fu B, Wang S, Zhang J, Hou Z, Li J (2019) Unravelling the complexity in achieving the 17 
sustainable-development goals. Natl Sci Rev 6:386–388. https://doi.org/10.1093/nsr/nwz038 
Fulford RS, Smith LM, Harwell M, Dantin D., and Russell M (2015). Human well-being differs 
by community type: Toward references points in a human well-being indicator useful for decision 
support. Ecological Indicators.;56:194-204 
117 | P a g e  
 
Glotzbach, S. and Baumgärtner, S. (2009). The relationship between intra- and intergenerational 
ecological justice. Determinants of goal conflicts and synergies in sustainability policy. [online] 
Core.ac.uk. Available at: https://core.ac.uk/download/pdf/6427510.pdf [Accessed 21 Oct. 2019]. 
Gü lden Kaya Uyanık and Ne şe Gü ler (2013) / Procedia - Social and Behavioral Sciences 106  
234 – 240 
Gordon LJ, Finlayson CM, Falkenmark, M., (2010) Managing water in agriculture for food 
production and other ecosystem services. Agric Water Manag 97:512–519CrossRefGoogle 
Scholar 
Griggs D, et.al (2018) An integrated framework for sustainable development goals. Ecol Soc 
19:24. https://doi.org/10.5751/es-07082-190449 
Grunewald K, Bastian O (eds)., (2015) Ecosystem services – Concept, methods and case studies. 
Springer, HeidelbergGoogle Scholar 
Gunderson, LH., and Holling, CS., (2003) Panarchy. Island Press, Washington, DCGoogle Scholar 
Haines-Young R., and Potschin, M., (2009) Methodologies for defining and assessing ecosystem 
services. CEM Report 14, University of NottinghamGoogle Scholar 
Haines-Young RH., and Potschin, M., (2010a) Proposal for a  common international classification 
of ecosystem goods and services (CICES) for integrated environmental and economic accounting. 
European Environment AgencyGoogle Scholar 
Haines-Young, R., and Potschin, M,. (2010b) The links between biodiversity, ecosystem services 
and human well-being. In: Raffaelli DG, Frid CLJ (eds) Ecosystem ecology: a new synthesis. 
Cambridge University Press/British Ecological Society, Cambridge, pp 110–139CrossRefGoogle 
Scholar 
Haines-Young R., and Potschin, M., (2013) Common International Classification of Ecosystem 
Services (CICES): consultation on Version 4, August-December 2012. EEA framework contract 
no EEA/IEA/09/003Google Scholar 
Hannah et al., (2018). Ecosystem-based approaches to adaptation: strengthening the evidence and 
informing policy. Research results from the Climate Resilient Livestock Production on Communal 
Lands project, South Africa. IIED, June. 
Harwell L, Smith L., and Summers, K., (2017). Modified HWBI Model(s) Linking Service Flows 
to Well-Being Endpoints: Accounting for Environmental Quality. Washington, DC: U.S. 
Environmental Protection Agency; EPA/600/R-17/376 
Helming K, Soba MP., and Tabbush, P. (eds) (2008) Sustainability impact assessment of land use 
changes. Springer, Berlin/HeidelbergGoogle Scholar 
Hoeinghaus DJ, Agostinho AA, Gomez LC, Pelicice FM, Okada EK, Latini JD, Kashiwaquqi E., 
and Winemiller, KO., (2009) Effects of river impoundment on ecosystem services of large tropical 
rivers: embodied energy and market value of artisanal fisheries. Conserv Biol 23(5):1222–
1231CrossRefGoogle Scholar 
118 | P a g e  
 
Holmlund CM., and Hammer, M. (1999) Ecosystem services generated by fish populations. Ecol 
Econ 29:253–268CrossRefGoogle Scholar 
Hou Y, Burkhard B., and Müller, F., (2013) Uncertainties in landscape analysis and ecosystem 
service assessment. J Environ Manage, doi.org/10.1016/j.jenvman.2012.12.002 
Hu, Y.N., Peng, J., Liu, Y.X., and Tian, L., (2018). Integrating ecosystem services trade-offs with 
paddy land-to-dry land decisions, a scenario approach in Erhai Lake Basin, southwest China. Sci. 
Total Environ. 625, 849–860. 
https://resourcegovernance.org/sites/default/files/nrgi_Mineral-Industry.pdf 
International Council on Mining and Metals, The role of mining in national economies (Mining’s 
contribution to sustainable development, ICMM, October 2014, 2nd edition): www. 
Icmm.com/national-economies. 
IUCN (International Union for Conservation of Nature); IWA (International Water Association). 
(2014). Nexus dialogue on water infrastructure solutions: Building partnerships for innovation in 
water, energy and food security. Gland, Switzerland: International Union for Conservation of 
Nature (IUCN); The Netherlands: International Water Association (IWA). Available at 
http://cmsdata.iucn.org/downloads/2014_nexu s_flyer__en.pdf (accessed on September 12, 2014).    
Ilse R. et al. (2017),74, pp.40-48 Ecosystem services in global sustainability policies. 
Environmental Science and Policy, Elsevier, 10.1016/j.envsci.2017.04.017. hal-01681621 
Johnston JM, de Jesus Crespo R, Harwell M, Jackson C, Myer M, Seeteram N, Williams K, Yee 
S., and Hoffman J., (2017) Valuing Community Benefits of Final Ecosystem Goods and Services: 
Human Health and Ethnographic Approaches as Complements to Economic Valuation. EPA/R-
600/R-17/309. Washington, D.C.: US Environmental Protection Agency; August, 2017 
Jones, L., and Tanner, T., (2015). Measuring subjective resilience: using people’s perceptions to 
quantify household resilience, Overseas Development Institute Working Paper 423. doi: 
10.13140/RG.2.1.2438.1289. 
Jordan SJ, Hayes SE, Yoskowitz D, Smith LM, Summers JK, Russell, M., and Benson WH. (2010) 
Accounting for natural resources and environmental sustainability: Linking ecosystem services to 
human well-being. Environmental Science and Technology.;44:1530-1536 
Krantz, L., (2001). The sustainable livelihood approach to poverty reduction: An introduction. 
Sweden: Swedish International Development Cooperation Agency. Retrieved from: 
http://www.sida.se/contentassets/bd474c210163447c9a7963d77c64148a/the-
sustainablelivelihood-approach-to-poverty-reduction_2656.pdf. 
King, E., Cavender-Bares, J., Balvanera, P., Mwampamba, T.H., and Polasky, S., 2015. Trade-
offs in ecosystem services and varying stakeholder preferences, evaluating conflicts, obstacles, 
and opportunities. Ecol. Soc. 20 (3), 25–39. 
Layke, C., (2011) Indicators from the global and sub-global Millennium Ecosystem Assessments: 
an analysis and next steps. Ecol Indic, http://dx.doi.org/10.1016/j.ecolind.2011.04.025 
Lebel, L., Anderies, J. M., Campbell, B., Folke, C., Hatfield-Dodds, S., Hughes, T. P., and James, 
W. (2006). Governance and the capacity to manage resilience in regional social-ecological 
119 | P a g e  
 
systems, Marine Sciences Faculty Scholarship, Paper 52. Retrieved from: 
http://digitalcommons.library.umain.edu/sms_facpub/52. 
Liu J, et al (2018) Nexus approaches to global sustainable development. Nat Sustain 1:466–476.   
Marschke, M. J., and Berkes, F., (2006). Exploring strategies that build livelihood resilience: A 
case from Cambodia Retrieved from:. Ecology and Society, 11(1), 42 
Http://www.ecologyandsociety.org/vol11/iss1/art42/. 
MEA [Millennium Ecosystem Assessment] (2005) Ecosystems and human well-being: synthesis. 
Island Press, Washington, DC.  
Millennium Ecosystem Assessment reports: http://www.maweb.org/en/index.aspx 
Morse, S., and McNamara, N., 2013. Sustainable livelihood approach: A critique of theory and 
practice. Springer Science & Business Media. 
Müller, F., and Burkhard, B., (2007) An ecosystem based framework to link landscape structures, 
functions and services. In: Mander Ü, Wiggering H, Helming K (eds) Multifunctional land use – 
meeting future demands for landscape goods and services. Springer, Berlin/Heidelberg, pp 37–64. 
Nelson, V., and Stathers, T., (2009). Resilience, power, culture, and climate: A case study from 
semi-arid Tanzania, and new research directions. Gender and Development, 17(1), 81–94. 
https://doi.org/10.1080/135520708026696946. 
Neumayer, E., (2003). Weak versus strong sustainability: exploring the limits of two opposing 
paradigms. Edward Elgar, Northampton.  
Neumayer, E., (2012). Human development and sustainability. 
Noël, J-F., and O’connor, M., (1998). Strong Sustainability and Critical Natural Capital. In: 
Faucheux, S., O'Connor, M., (Eds.), Valuation for Sustainable Development: Methods and Policy 
Indicators. Edward Elgar Publisher, Cheltenham, pp. 75–99. 
Neshovski, R., (2019). Home – Aug 23, 2019 - United Nations Sustainable Development. [online] 
United Nations Sustainable Development. Available at: 
https://www.un.org/sustainabledevelopment [Accessed 22 Oct. 2019]. 
OECD (2010) Guidance on sustainability impact assessment. OECD, Paris. 
Orlando J, Yee S, Harwell L., and Smith, L., (2017). Technical Guidance for Constructing a 
Human Well-Being Index (HWBI): A Puerto Rico Example. Washington, DC: U.S. 
Environmental Protection Agency. EPA Report EPA/600/R-16/363 
Pert PL, Butler JR, Brodie JE, Bruce C, Honzak M, Kroon FJ, Metcalfe D, Mitchell D., and Wong 
G., (2010) A catchment-based approach to mapping hydrological ecosystem services using 
riparian habitat: a case study from the Wet Tropics, Australia. Ecol Complex 7:378– 
Posthumus H, Rouquette JR, Morris, J., and Gowing, DJ., (2010) A framework for the assessment 
of ecosystem goods and services; a case study on lowland floodplains in England. Ecol Econ 
69:1510–1523CrossRefGoogle Scholar 
120 | P a g e  
 
Postle, SL, Barton, H., and Thompson Jr., (2005) Watershed protection: capturing the benefits of 
nature’s water supply services. Nat Res Forum 29:98–108CrossRefGoogle Scholar 
Pwc.co.za. (2017). [online] Available at: https://www.pwc.co.za/en/assets/pdf/2017-sa-mine.pdf 
[Accessed 2 Jan. 2020]. 
PWC annual Mine Series provide up to date information on mining industry performance and 
profitability. See for instance, Mine 2014: Realigning Expectations, available at: www.pwc.com/ 
gx/en/mining/publications/mine-realigning-expectations.jhtml 
Raffaele Vignola, Bruno Locatelli, Celia Martinez, Pablo Imbach. Ecosystem-based adaptation to 
climate change: What role for policy-makers, society and scientists?. Mitigation and Adaptation 
Strategies for Global Change, Springer Verlag, 2009, 14 (8), pp.691-696. 10.1007/s11027-009-
9193-6.cirad-00699340 
Ramyar-Zarghami, RE., (2017). Green infrastructure contribution for climate change adaptation 
in urban landscape context. Applied Ecology and Environmental Research. 2017; 15:1193-1209 
Schröter, D. et al., (2005) Ecosystem Service Supply and Vulnerability to Global Change in 
Europe. Science 310(25.11.2005):1333-1337, doi:10.1126/science.1115233 
Sneddon. S., (2000) Sustainability in ecological economics, ecology and livelihoods:  a review, 
pp. 521–549.  Department of Geography/Program in Environmental Studies, Dartmouth College, 
6017 Fairchild, Hanover, NH 03755, USA 
Summers, JK, Smith, LM, Harwell, LC, Case, JL, Wade KM, Straub KR., and Smith, HM., (2014) 
An index of human well-being for the U.S.: A TRIO approach. Sustainability.;6:3916-3935 
Summers JK, Smith LM, Harwell LC., and Buck, KD. (2017) The development of a human 
wellbeing index for the United States. In: Boas AV, editor. Quality of Life and Quality of Working 
Life. Rijeka: In-Tech Publishing, pp. 97-135. http://dx.doi.org/10.5772/ intechopen.68596 
Thulstrup, A. W., (2015). Livelihood resilience and adaptive capacity: Tracing changes in 
household access to capital and central Vietnam. World Development, 74, 352–362. 
https://doi.org/10.1016/j.worlddev.2015.05.019. 
Tremmel, J., (2008). A Theory of Intergenerational Justice. PhD Thesis, University of Düsseldorf 
United Nations Development Program (UNDP) (1994). Human Development Report 1994 
Retrieved from: New York, USA: United Nationals Development Programme. 
http://hdr.undp.org/en/content/human-development-report-1994. 
United Nations Environment Program and United Nations Conference on Trade and Development, 
1974. The Cocoyoc Declaration.  
United Nations General Assembly (1987) Report of the World Commission on Environment and 
Development: our common future. New York.  
Un.org, 'A/RES/42/187 Report of the World Commission on Environment and Development'. in, 
(2007), <https://www.un.org/documents/ga/res/42/ares42-187> 
121 | P a g e  
 
United Nations, (2015a). Transforming our world: the 2030 Agenda for Sustainable Development 
596 Document A/RES/70/1, Resolution Adopted by the General Assembly on 25 September 2015 
Vojnovic, I., (1995) 'Intergenerational and Intragenerational Equity Requirements for 
Sustainability'. in Envir. Conserv., 22: 223. 
Waage J, et al (2015) Governing the UN sustainable development goals: interactions, 
infrastructures, and institutions. Lancet Glob Health 3:e251–e252. 
Walker, B., & Salt, D. (2006). Resilience thinking: Sustaining ecosystems and people in a 
changing world. USA: Island Press. 
Walker, B., Carpenter, S., Anderies, J., Abel, N., Cumming, G., Janssen, M., et al. (2002). 
Resilience management in social-ecological systems: A working hypothesis for a participatory 
approach Retrieved from: http://www.consecol.org/vol16/iss1/art14/Retrieved from: 
http://www.consecol.org/vol16/iss1/art14/. Conservation Ecology, 6(1), 14. 
Walsh-Dilley, M., Wolford, W., & McCarthy, J. (2016). Rights for resilience: Food sovereignty, 
power, and resilience in development practice. Ecology and Society,21(1), 11. 
https://doi.org/10.5751/ES-07981-21011.  
Weiss, E., (1990) 'Our Rights and Obligations to Future Generations for the Environment'. in The 
American Journal of International Law, 84: 198. 
World Commission on Environment and Development., (1987a) Our Common Future: Report of       
the World Commission on Environment and Development. Oxford: Oxford University Press. 
 
Wu, X. T., Wang, S., Fu, B.J., Liu, Y., and Zhu, Y., 2018. Land use optimization based on 













122 | P a g e  
 
APPENDICES 
APPENDIX A: Questionnaires for farmers and officials (ESS) 
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APPENDIX B: Questionnaires for Residents and officials (SLA) 
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